One type of screening apparatus used in Agricola’s time is shown in this 
illustration. Key to illustration: A, sieve; B, sieve handles; C, tub; D, bottom 
of sieve made of iron wires; E, hoop; F, rods; G, hoops; H, woman shaking 
sieve; |, boy supplying the sieve with material which requires washing; and K, 
man with shovel removing from the tub the material which has passed through the 
sieve. Supplying the sieve and removing the screened material from the tub 
were jobs not requiring undivided attention; only the women appear to have had 
steady jobs in this processing industry. 


Illustration from Agricola‘s De Re Metallica, A.D. 1566. 
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PLASTICIZED SULFUR AS A JOINTING MATERIAL FOR CLAY PRODUCTS* 


By W. C. RUECKEL? AND W. W. DUECKER? 


ABSTRACT 


A discussion is given of properties required for a good jointing material for paving 
brick and sewer pipe. The development of a series of sulfur compounds possessing 
plastic properties is described. Values for some physical properties of the materials 


are also included. 


|. Introduction 


The successful utilization of numerous clay 
products, such as paving brick, sewer pipe, seg- 
mental sewer tile, and sewer brick, depends 
partially on the physical properties of the jointing 
materials used in conjunction with them. Ordi- 
nary Portland cement and plaster serve very well 
as jointing materials in the construction of 
masonry walls. With paving brick, sewer pipe, 
etc., however, jointing materials of more adequate 
properties are desired. Such jointing materials 
should be waterproof, flexible, and_ resilient. 
They should adhere well to brick and should be 
easy to apply. The investigation of various 
bonding materials was undertaken by the Engi- 
neering Experiment Station of Ohio State Uni- 
versity some time ago, and the preliminary 
studies reported here relate to the use of bi- 
tuminous compounds and particularly to plasti- 
cized sulfur in the construction of brick roads. 


* Presented at the Annual Meeting of the American 
Ceramic Society, Buffalo, N. Y., February, 1935 (Structural 
Clay Products Division). Received June 18, 1935. 

t Director, Research Bureau of National Paving Brick 
Association, Engineering Experiment Station, Ohio State 
University. 

t Senior Industrial Fellow, Mellon Institute of In- 
dustrial Research, University of Pittsburgh. 


Il. Bituminous Compounds and Brick Pavements 


Bituminous compounds and cement grout 
are usually used as filler materials in the con- 
struction of brick pavements. Of these, bi- 
tuminous compounds seem to be _ preferred. 
Objections, however, have been raised against 
these materials principally because of their 
tendency to exude from the joints in hot weather. 
The exuded material is spread by traffic over 
the surface of the pavement with the result that 
the pavement becomes slippery. Stinson and 
Roberts,! after investigating the anti-skid char- 
acteristics of various road surfaces, indicated 
the superiority of brick when the surface of the 
road was free from an asphalt film. These same 
investigators observed that brick roads that had 
been in service one year were substantially 
covered with bituminous material which had 
exuded from the joints and that as a result the 
coefficient of friction developed by the road 
surface showed a loss of 30%. 

A superior road surface can be produced with 
the aid of brick if the surplus asphalt, used as a 
jointing material, is removed from the surface 

1K. W. Stinson and C. Roberts, ‘‘Coefficient of Friction 


between Tires and Road Surfaces,’’ Proc. Highway Re- 
search Board, National Research Council, December, 1933. 
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of the road at the time of construction. This 
can be accomplished by several methods.  Ini- 
tially whitewash was applied to the brick surface 
before the application of the asphalt.2 The 
whitewash prevented the asphalt from adhering 
and hence facilitated its removal. More re- 
cently, a wash consisting of 35 parts calcium 
chloride, | part starch, and 64 parts water by 
weight has been used. Although this procedure 
has proved efficacious and has improved the 
quality of the brick road surface, it has not 
entirely solved the problem. With its aid, road 
surfaces may be prepared which initially are 
free of asphalt. If, however, the asphalt exudes 
and if, after a year’s service, the coefficient of 
friction of the road’s surface is reduced markedly 
owing to the surface film of asphalt, all the ad- 
vantages of the brick surface are not fully realized. 
It is evident, then, that although progress has 
been made in the construction of brick pavements 
initially free from surface films of asphalt, the 
problem of producing superior pavements has 
not been entirely solved. In order to construct 
brick pavements that will not become slippery, 
it is necessary to reduce the tendency of the 
jointing material to exude from the joints.* 
Since it was obviously impossible to arrive at 
a satisfactory solution to the problem of exuding 
by trying a great number of filler materials in 
their various combinations in actual road con- 
struction, a test to simulate the major conditions 
causing exuding was devised. The results pre- 
sented in this paper are of preliminary nature 
and indicate the progress that has been made. 


Ill. Characteristics of Filler Materials 


The filler materials used in these tests con- 
sisted of a bituminous material made from a 
semi-asphaltic base oil, a bituminous material 
made from an asphaltic base oil, and plasticized 
sulphur.‘ This latter material is made by reacting 
sulfur with organic sulfides, polysulfides, or 
polymers thereof, the properties of the resultant 
product being controlled by the quantity and 
type of sulfide selected. The plasticized sulfur 
used in these experiments was prepared by 


2 A. Mason Harris, “Resurfacing an Eighty-Two Foot 
Street at Richmond, Va., with Vitrified Brick,’’ Roads and 
Streets, November, 1934. 

3 This problem is being studied at the O. S. U. Engi- 
neering Experiment Station. 

*W. W. Duecker, ‘“‘Admixtures Improve Properties of 
Sulfur Cements,’’ Chem. Met. Eng., 41, 583 (1934); Trans. 
Amer. Inst. Chem. Engr., 31, 31 (1935). 
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dissolving in sulfur a commercially available 
organic polysulfide known as ‘‘Thiokol.”’ 

A great number of plasticized sulfur composi- 
tions can be produced which range from hard 
materials having slight flexibility to very resilient 
and flexible products resembling rubber in many 
of their characteristics. Flexibility is obtained, 
however, only at an increase in cost. The 
properties of these reaction products that recom- 


Fic. 1.—Metal hood covering brick pavement panel, 
with thermostatically controlled electric heat raising the 
temperature on a definite schedule to simulate service 
conditions 
mend their employment as brick fillers are water- 
proofness, flexibility, low coefficient of thermal 
expansion, resistance to exuding, and ease of 
application. The characteristics of the filler 
materials used in these experiments are given 
in Table I and data on plastic sulfur are presented 
in Table IT. 


TABLE I 
LINEAR COEFFICIENT OF THERMAL EXPANSION 
Coefficient /- 
X 107% 
Asphalt: Temp. 40° to 120°F 116.0 
Brick: Temp. 50° to 126°F 
Av. for 2 shale paving-brick bodies 3.4 
Plastic sulfur: Value for plasticized sulfur mixed 
with an aggregate 8.3 
Grout mixtures: Temp. 43° to 127°F 
1 part cement-—2 parts sand 8.7 
2 parts cement-—1! part lime—6 parts sand 4.9 


1 part cement—4 parts sand 


IV. Method of Testing Jointing Materials 


Brick were laid in panels, one square yard in 
area, in the normal manner on a concrete base 
and with a sand cushion. These sections were 
confined by forms to duplicate forces produced 
in the road. The joints between the brick in 
the panel were filled with various materials. The 
excess filler was removed from the top of the 
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panels by using hydrated lime as a separating 
agent; recent tests, however, have proved the 
efficacy of an oil-water emulsion as a separating 
agent for plastic sulfur. The panels with their 
various fillers were covered with a metal hood 
(Fig. 1) which contained electric strip heaters 
thermostatically controlled. The temperature on 
the surface of the brick panels was then raised 
from 125° to 130°F for a definite period of time. 
To obtain comparative results, all panels were 
heated according to a definite schedule. After 
being subjected to the heat treatment, each 
panel was carefully examined and the extrusion 
of the filler material was determined. 


TABLE II 
CHARACTERISTICS OF PLASTICIZED SULFUR 


(85% sulfur 
Composition 15% plasticizing agent 
Viscosity, Engler (200 cc.) 

140°C (284°F) in seconds 970) 
Penetration: 100 g. weight 
for 5 sec. at 25°C (77°F) (em./100) 3 


CHARACTERISTICS OF BONDING MATERIAL USED IN TESTS 


J 59.5% sulfur 
Composition 10.5% plasticizing agent 
\ 30.0% graded aggregate 


Tensile strength 255 Ib./sq. in. 


Viscosity, Engler (200 cc.) 
140°C (284°F) in seconds 2400 
Ductility at 77°F (cm.) Loto 


V. Exuding Characteristics of Bitumens and 
Plasticized Sulfur 


Although these test panels were heated only 
three days, the filler made from a semi-asphaltic 
base oil exuded considerably. These tests bear 
out the observations made in the field, namely, 
that the asphaltic base fillers commonly used in 
the southwesterly states exude less than do the 
semi-asphaltic base fillers used in Illinois, Ohio, 
Pennsylvania, and Indiana. 

The test panel joined with plasticized sulfur, 
even after prolonged heating, showed no signs of 
the material exuding. 

Judging by the exuding test alone, plasticized 
sulfur would seem to be a good jointing material 
for paving brick. It is noted in Table I that 
the coefficient of expansion of asphalt is about 
50 times greater than that of brick. Owing to 
limitations in securing full joints, the ratio of 
the volume of asphalt to the volume of brick 
is at present about one to ten. It is thus 
apparent that a major portion of the exuding 
caused by thermal expansion is attributable to 
the large volume of asphalt used. This con- 


clusion has been substantiated by simulative 
exuding tests wherein the amount of exuding was 
considerably reduced by using narrow joints and 
by heating the asphalt nearly to the flash point 
before applying it to the brick. 

While the expansion data for lean grout mix- 
tures approximate the value for brick, it must 
be borne in mind that such mixtures expand on 
hydration and that they are inelastic. 

Plasticized sulfur is interesting because it 
combines the desirable property of low-expansion 
coefficient with the ability to be deformed under 
pressure. The fluidity of plasticized sulfur at 
its application temperature, which is about 
300°F, is also much greater than that of heated 
asphalt. The width of the joints may therefore 
be reduced and the cost per square yard of road 
will be commensurate with that produced with 
an asphalt filler, despite the difference in the 
cost for equal volumes of the two materials. 


VI. Practical Tests with Jointing Compounds 


The interesting preliminary results obtained 
with plasticized sulfur warranted its application 
in the construction of a test brick road on the 
campus of the Ohio State University. This 
road has been in service since October, 1934, 
and during this time has been subjected to severe 
cold weather. It was anticipated that the 
only objectionable feature of this material might 
be its brittleness at low temperatures. Such 
has not been the case, however, and observations 
to date indicate that plasticized sulfur is satis- 
factory in all respects. Heating the plastic sul- 
fur by direct fire was unsatisfactory. It was found 
that a great deal of caution must be exercised 
in this method of heating because this material 
will decompose if heated above 320°F. This dif- 
ficulty can be overcome by the use of an oil-bath 
heating kettle. 

Recently it has been found that the plastic 
sulfur can be prepared by heating a major portion 
of the sulfur to a high temperature by direct 
fire and then adding the remaining portion con- 
taining all the plasticizing material. 

The sulfur filler gave well-filled joints and the 
excess material did not adhere to the top of the 
brick. Cutting through the sulfur filler in the 
joints proved to be rather difficult, but this 
difficulty can be mostly overcome by using thin 
joints. The joints in this road varied from 
1/, to */; inch in width. There is no denying, 
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however, that the plasticized sulfur is stiffer and 
harder to cut than asphalt. 

In coéperation with the Ohio State Highway 
Department, a program for the construction of 
a road section has been completed. The work on 
this project began early in 1935. The test road 
will contain 13 sections, each with a different 
kind of filler and 2 types of plasticized sulfur. 


VII. Jointing Materials for Sewer Pipe and Other 


Clay Products 

The excellent results obtained in the use of 
plasticized sulfur as a bonding agent for paving 
brick suggest its use as a jointing medium for 
sewer pipe, segmental tile, and sewer brick. The 
ideal jointing material for these products should 
be waterproof, flexible, resilient, a good bonding 
agent, and easy to apply. Furthermore, such a 
material must approximate the chemical inert- 
ness of the clay product itself. It must resist 
attack of hydrogen sulfide, sewage, and soil water 
and also be impenetrable to plant roots. 

J. C. Prior,’ in an investigation of joints for 
cast-iron pipe, found that a sulfur compound re- 
waterproofed itself after it had broken and that 
the harder jointing materials (sulfur compounds 
and Portland cement) would show excessive 
leakage before complete failure. 

The various compounds which have been used 
for joining clay products are listed below. 


(1) Bituminous Compounds’ 

Advantages: Inexpensive and easy to apply. 

Disadvantages: Brittle at low temperatures, con- 
sequently cracking and allowing the penetration 
of plant roots; they hydrolyze in water and are 
affected by the oil and grease in sewage; they 
do not adhere unless the joint is dry, which 
defect is usually remedied by the application of 
a priming coat of an asphalt emulsion to the 
joint before pouring. Bituminous compounds 
soften at high temperatures. 


(2) Portland Cement 

Advantages: Economy and facility of applica- 
tion; ability to withstand temperature changes; 
ability to withstand vibration to a slight degree. 
Disadvantages: Lack of flexibility and inability 


5 J. C. Prior, ‘Investigation of Bell and Spigot Joints 
in Cast-Iron Water Pipes,’’ Ohio State Univ. Eng. Expt. 
Sta. Bull., No. 87, 1935. 

J. S. Crandell, ‘Bituminous Joint Compounds for 
Sewer Pipe,’’ presented at meeting of the American Society 
for Testing Materials, June 25-29, 1934. 
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to withstand stresses produced by settling of fill; 
cracks developed are penetrated by plant roots; 
attacked by hydrogen sulfide, acids, and other 
chemicals. 

Numerous attempts have been made to render 
concrete pipe and drain tile resistant to attack 
by acids and alkalis by impregnating them with 
sulfur.’ These attempts have all resulted in 
failures because it has been found that there is a 
reaction taking place in the presence of water 
between the lime freed from the cement and the 
sulfur. During the immersion of tile and con- 
crete pipe in molten sulfur, there is also formed 
a calcium sulfide which later oxidizes and causes 
disintegration of the pipe. 

From this discussion, it is evident that the 
materials now in general use have many short- 
comings and leave much to be desired. The 
need for an adequate, stronger jointing material 
for clay sewer pipe is plain. While it is a well- 
known fact that clay products have inherent 
properties that enable them to resist attack of 
acids and hydrogen sulfide, it is also recognized 
that a sewer can be no stronger than its jointing 
material. The value of plasticized sulfur as a 
sewer jointing material is now being studied. 


(3) Plasticized Sulfur 


Advantages: Flexible and resilient; inherent 
strength; resistant to attack by acids and hy- 
drogen sulfide; resistant to penetration by roots;* 
ability to withstand high temperatures; resistant 
to action of lubricating oils or gasoline. 

Disadvantages: Attacked by animal fats and 
oils such as linseed oil; attacked by certain soil 
bacteria,’ although bacteriologists seem to think 
such action can be inhibited; difficulty of appli- 
cation (it must be applied as a liquid and allowed 
to harden). 

The Thiokol Corporation, Yardville, New Jer- 
sey, has recently announced the development of a 
“plastic sulfur’? cement which can be applied 
in the form of a paste or mortar which may 
obviate the latter difficulty. 


7P. H. Bates, “Use of Sulfur in Rendering Cement 
Drain Tile Resistant to Attack of Alkali,” Jnd. Eng. 
Chem., 18, 309 (1926). 

* J. J. Taubenhaus and W. Z. Ezekiel, ‘‘Sulphur Barriers 
and Graminaceous Crop Barriers to Prevent Spread of 
Phymatotrichum Root Rot,’ Phytopathology, 22, 26 
(1932); Chem. Abs., 27, 3025 (1933). 

*T. D. Beckwith and P. F. Bovard, ‘‘Bacteria Destroy 
Pipe Line in California,’ Chem. Met. Eng., 40, 530 (1933). 
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SPECIFIC GRAVITY AS AN INDEX FOR SLIP CONTROL* 


By J. R. BEAM 


ABSTRACT 


The specific gravity of a casting body should be controlled within the limits of 


0.003. 
mination. 


|. Introduction 


Experiences in the casting shop in trying to 
determine those factors which control the casting 
of slip have led to some interesting problems. 
In questioning a group of casters, a variety of 
opinions has often been expressed on the casta- 
bility of a given slip. The same slip on the same 
day has been referred to as being too hard for 
some casters and too soft for others. Some have 
expressed opinions indicating the slip to be hard 
in some respects and soft in other respects. At 


TABLE [ 
SPECIFIC GRAVITY OF WATER* 


(°F) Grams /Liter (°F) Grams/ Liter 
60 999 .04 80 996.62 
62 998.85 82 996.31 
64 998.66 84 996.00 
66 998.45 86 995.68 
68 998 . 23 88 995.35 
70 997.99 90 995.02 
yf 997.75 92 994 . 64 
74 997.51 94 994.25 
76 997 .22 96 993 .86 
78 996 .92 98 993 .47 

100 993 . O7 


* Computed from International Critical Tables. 


times, the casters have claimed the slip to be 
different from that on the previous day but they 
could not point to any specific difference. 
Correlating these opinions with the laboratory 
control measurements, it was noticed that varia- 
tions of 0.003 in the specific gravity of a casting 
slip caused enough differences to be detected by 
the workers. There was reason to believe, 
therefore, that variations of this small amount 
were sufficient to change the character of the slip. 
Data from other sources, however, caused this 
belief to be questioned. For example, the limits 
of variation are narrower than the experimental 
errors in taking these measurements.! The 


* Presented at the Annual Meeting, American Ceramic 
Society, Buffalo, N. Y., February, 1935 (Whitewares 
Division). 

1 The Standards Committee gives an allowable variation 
of 0.005. See Jour. Amer. Ceram. Soc., 11 [6] 4538-54 
(1928). 
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To obtain this precision it is necessary to evacuate the slip before the deter- 


idea, however, seemed worthy of investigation 
and an effort was made to determine the limits 
of variation allowable in a casting slip. 


ll. Definition 


The true specific gravity is defined as the ratio 
of the weight of a substance to the weight of an 
equal volume of water at 4°C. A convenient 
method of making this determination is to weigh 
100 ce. of the slip in a pycnometer bottle, sub- 
tract the weight of the bottle, and divide the 
resulting weight by 100. For a more accurate 
check, a 1000-cc. pycnometer bottle is used, 
giving results accurate to the third decimal 
place. 


lll. Effect of Temperature 


The volume occupied by a given weight of 
water varies with the temperature of the water, 
as shown in Table I. It is wrong to make the 
assumption that the specific gravity of water is 
unity, as is often done in making these calcula- 
tions. For example, a typical slip containing 
73% solids at 2.550 gravity and 27% water will 
weigh 1.7976, making no allowance for the 
temperature correction of the water. The same 
clay-water ratio with the temperature of the 
water corrected to 80°F will have a specific 
gravity of 1.7944, a difference of 0.0032. 


IV. Specific Gravity of the Raw Materials 


The most variable factor affecting the specific 
gravity of the slip is the true specific gravity of 
the raw materials. Clays are not uniform in 
composition and their density varies with the 
amount of free quartz, organic material, con- 
tamination, etc., in the particular sample being 
tested. Determinations made on the specific 
gravity of clays taken from a bin show wide 
variations, even ten to twenty times the sug- 
gested allowable variation. Tests on any par- 
ticular sample of clay can be made to check by 
running a parallel determination, but a second 
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TABLE II 
TEMPERATURE CORRECTIONS FOR SLIP 
Horizontal Columns, Specific Gravity at Various Temperatures 


Vertical Columns, Specific Gravity at Various Clay-Water Ratios 
Clay (%) 72.99 73.04 738.09 78.14 73.19 73.24 73.29 73.34 73.389 73.44 73.49 73.54 73.59 
Water (%) 27.01 26.96 26.91 26.86 26.81 26.76 26.71 26.66 26.61 26.56 26.51 26.46 26.41 
60°F 179.65 179.75 179.85 179.95 180.05 180.15 180.25 180.35 180.45 180.55 180.65 180.75 180.85 
62° 179.63 179.73 179.83 179.93 180.03 180.13 180.23 180.33 180.43 180.53 180.63 180.73 180.83 
64° 179.62 179.72 179.82 179.92 180.02 180.12 180.22 180.32 180.42 180.52 180.62 180.72 180.82 
66° 179.60 179.70 179.80 179.90 180.00 180.10 180.20 180.30 180.40 180.50 180.60 180.70 180.80 
68° 179.58 179.68 179.78 179.88 179.98 180.08 180.18 180.28 180.38 180.48 180.58 180.68 180.78 
70° 179.56 179.66 179.76 179.86 179.96 180.06 180.16 180.26 180.36 180.46 180.56 180.66 180.76 
pag 179.54 179.64 179.74 179.84 179.94 180.04 180.14 180.24 180.34 180.44 180.54 180.64 180.74 
74° 179.52 179.62 179.72 179.82 179.92 180.02 180.12 180.22 180.32 180.42 180.52 180.62 180.72 
76° 179.49 179.59 179.69 179.79 179.89 179.99 180.09 180.19 180.29 180.39 180.49 180.59 180.69 
78° 179.46 179.56 179.66 179.76 179.86 179.96 180.06 180.16 180.26 180.36 180.46 180.56 180.66 
80° 179.44 179.54 179.64 179.74 179.84 179.94 180.04 180.14 180.24 180.34 180.44 180.45 180.64 
82° 179.41 179.51 179.61 179.71 179.81 179.91 180.01 180.11 180.21 180.31 180.41 180.51 180.61 
84° 179.38 179.48 179.58 179.68 179.78 179.88 179.98 180.08 180.18 180.28 180.38 180.48 180.58 
86° 179.35 179.45 179.55 179.65 179.75 179.85 179.95 180.05 180.15 180.25 180.35 180.45 180.55 
88° 179.32 179.42 179.52 179.62 179.72 179.82 179.92 180.02 180.12 180.22 180.32 180.42 180.52 
90° 179.30 179.40 179.50 179.60 179.70 179.80 179.90 180.00 180.10 180.20 180.30 180.40 180.50 
92° 179.26 179.36 179.46 179.56 179.66 179.76 179.86 179.96 180.06 180.16 180.26 180.36 180.46 
94° 179.23 179.33 179.43 179.53 179.63 179.73 179.83 179.93 180.03 180.13 180.23 180.33 180.43 
96° 179.19 179.29 179.39 179.49 179.59 179.69 179.79 179.89 179.99 180.09 180.19 180.29 180.39 
98° 179.16 179.26 179.36 179.46 179.56 179.66 179.76 179.86 179.96 180.06 180.16 180.26 180.36 
100° 179.13 179.23 179.33 179.438 179.53 179.63 179.73 179.83 179.93 180.03 180.13 180.23 180.33 


trial taken on another sample from the same 
bin may show a wide discrepancy. 

Any mixture of clays and water will likewise 
vary in proportion to the quantity of clay present. 


V. Effect of Entrapped Air in Slip 


After making the necessary corrections for the 
temperature and for the composition of the clay 
itself, there remained a variation which seemed 
to be proportional to the time of grinding or 
blunging the clay-water mixture. Preliminary 
investigations showed that entrapped air caused 
this variation, and tests were devised to determine 
the effect of the entrapped air. When an evacua- 
tion treatment was given the slip prior to taking 
the weights, the variations were immediately 
reduced within the 0.003 limit. 


VI. Effect of Air in Slip on Blunging 


Following the supposition that each particle 
of clay is surrounded with a film of air or that 
small particles of air are entrapped among the 
clay grains, there should be a noticeable effect 
on blunging a clay from which this air has been 
removed. Two samples of clay were processed 
in a parallel test, one of which was evacuated 
for twenty minutes while the other was allowed 
to slake twenty minutes. The two samples were 
then blunged and the specific gravity taken at 


definite time intervals. The curves, as shown 
in Fig. 1, indicate the evacuated sample to break 
down much faster than the unevacuated sample. 

Raw clays contain air in varying amounts, 
depending on the composition and quantity of 
organic material and, during the process of 
making the slip, this air is gradually disseminated 


Fic. 1.—Effect of evacuation on blunging. 


or expelled. Referring to the mathematical 
expression for the specific gravity of slip, it is 
found that an air content of 0.17% by volume 
will change the specific gravity of the slip by 
0.003. This quantity of air is extremely small, 
and it is entirely possible to have a slip with this 
air content if the blunger is “let out’’ too soon 
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or the blunger paddles are not effectively re- 
moving the air. 


Vil. Effect of Weather on Slip 

This new conception of slip as being a mixture 
of clay, water, and air brings up a possible solu- 
tion to the phenomenon of ‘‘weather and slip.”’ 
It is popularly believed that weather affects slip 
in its casting behavior, but few tangible de- 
ductions can be made by plotting casting condi- 
tion against weather conditions. If slip is re- 
garded as containing varying amounts of air, 
it is probable that the weather (temperature and 
barometric pressure) acts on this air, being a gas, 
and produces magnified changes in the behavior 
of the casting slip. 


VIII. Conclusions 


Experience in casting sanitary ware has shown 
that the specific gravity of a satisfactory casting 
slip must not vary more than 0.003. To obtain 
these close limits, it is reasonable to assume that 
the individual constituents must be carefully 
controlled. Laboratory data have indicated that 
the temperature correction is sufficient to cause 
a portion of this variation (see Table II). Any 
variation in the specific gravity of the raw ma- 
terials will cause a proportional variation in the 
slip. Air included in slip will cause irrational 
specific gravity results. 


UNIVERSAL SANITARY MANUFACTURING COMPANY 
New CASTLE, PENNSYLVANIA 


THE USE OF KYANITE IN CRUCIBLES FOR GLASSMELTING* 


By S. R. SCHOLES 


Small-scale experimental glassmelting is always 
attended by the difficulty in getting suitable 
crucibles. The demands upon these crucibles 
are rather severe in that, in general, they must be 
loaded with the raw batch while cold and un- 
glazed, heated rather rapidly to save time and 
fuel, and brought up to temperatures between 
1400°C and 1500°C for several hours. At this 
temperature they are often seized with tongs and 
removed from the furnace. 

The nature of these operations demands that 
the crucible be able to withstand rapid heating; 
that is, it must have good thermal endurance, 
requiring essentially low expansion and_ high 
strength. It must be sufficiently non-porous to 
prevent penetration by the molten glass and con- 
sequent rapid corrosion. It must likewise be 
highly refractory, so that there is no danger of 
its squatting at the high temperature or becoming 
so soft that it may not be removed from the fur- 
nace in the tongs. 

After using a number of varieties of commercial 
crucibles and experimenting with several mix- 
tures, we have lately developed in this laboratory 
a crucible which meets the above requirements 


* Presented at the Annual Meeting, American Ceramic 
Society, Buffalo, N. Y., February, 1935 (Refractories 
Division). Received June 5, 1935. 


completely and is eminently satisfactory for ex- 
perimental purposes. 

These crucibles are made from calcined kyanite, 
60-mesh. This material, which consists essen- 
tially of mullite and some crystalline form of 
silica, presumably tridymite, is mixed with a re- 
fractory ball clay, known in the trade as “XX 
sagger’’ clay, in the proportion of 65 kyanite to 
35 clay, and formed into a slip with the addition 
of 0.2% by weight of alkali. This deflocculating 
agent is made up of equal parts of sodium carbo- 
nate and sodium silicate, brand ‘‘S.”’ 

After thorough blunging, the slip is cast into 
gypsum molds in which a suitable wall thickness 
of approximately */s inch develops in 5 to 10 
minutes. The sizes commonly made range from 
2'/, inches in height to 7 inches. The dry strength 
of the resulting body is not very great and the 
dry crucibles must accordingly be handled care- 
fully. 

Preliminary firing is accomplished in a small 
kiln at approximately cone 4 (1210°C). After 
firing, the crucibles have developed a great deal 
of mechanical strength, and a total of 5 to 8% 
shrinkage has occurred from the mold size to the 
fired condition. 

The thermal endurance of these crucibles is 
such that they may be heated to redness in 20 
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minutes and thereafter brought up to the glass- 
melting temperature as rapidly as necessary with- 
out danger of breakage. In color, the crucibles are 
nearly white; and the low iron content, together 
with the very limited corrosion, enables most 
glasses to be melted without appreciable iron 


Richardson 


contamination. Used as experimental containers 
for other purposes, some of the smaller crucibles 
have been heated to temperatures above 1600°C 
without destruction or even appreciable deforma- 
tion. 


New State COLLEGE OF CERAMICS 
ALFRED, NEw YoOrK 


ADDENDUM TO “THE PART OF THE BRICK MANUFACTURER IN 
THE BETTER-HOUSING PROGRAM”: 


By W. D. RICHARDSON 


Since the presentation of this paper,! further 
study has developed the following amendments: 
First, in the many-hole brick, to which the 
writer gave the name “‘ankerlite’’ (light in weight 
and anchoring the courses together with mortar), 


1 See Bull. Amer. Ceram. Soc., 14 [9] 293-96 (1935). 
Received September 10, 1935. 


BRICH LOUBLE DIE FOR TIE BRICK 


Fic. 4. 


—Saneco” wall structure (revised). 


it has been found (1) that the holes should not be 
larger than */s inch or they will take up too much 
mortar in making a full, spread joint; (2) that 
the number of vertical rows of holes should be 
odd, 11 or 13, so that a half brick can easily be 
made with hammer or trowel; (3) that the holes 
should be in straight rows (not staggered), 
thus giving the simplest 
core system, with the 
least resistance; and (4) 
that square holes are 
better than round, giv- 
ing webs of more uni- 
form density and reduc- 
ing the weight consider- 


ably more. 

Reduc- 

By tion in 

brick 

By No. of weight 

holes (in,) ( 
55 x 25 
64 23/e,x 27 
52 23/64 X 23/¢4 | 39 
13 23/64 X 11/54 


ELEVATION OF CORNER 


These data are based on 


the assumption that the 
responds with the reduc- 
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Lace BRICK tion in volume. The lar- 
ger the number of holes 
the lower the heat con- 
| | | is also greater resistance 
| to the flow of clay. 
4 | In the ‘‘Saneco”’ wall 
structure, the writer 
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(1) Leave out the special brick for jambs and 
corners. For the jambs, it is better to set the tie 
brick far enough from the jamb to allow room for a 
cleat on the door frames for better insulation and 


\ 
6 
ection 
45° 
oN: ELEVATION AT CORNER 
Brick VENEE VOOD BUILDIN 
Yee! Lar No l4 BWG 
Fic. 5.—‘‘Saneco”’ veneering. 


for window frames space for sash-weight boxes 
(see Fig. 4). 
(2) Make the wall 5'/2 inches instead of 6 


inches, so that the corners can be properly bonded, 
uniformly breaking vertical joints of the 5'/2- 
by 11'/s-inch face brick. 

(3) The tie brick are to be cut 2 inches in- 
stead of inches. 

(4) The facing brick may be made a little 
thinner, less depth in wall, with good insulating 
material between. These brick can be easily 
made on any auger machine and cut on the usual 
automatic cutter, as shown in Fig. 4. They can 
also be set in the kiln and fired in a practical way, 
although it would not be advisable to set them 
from top to bottom of the ordinary periodic kiln. 
The day is coming, however, when brick of all 
kinds will be fired on cars in the tunnel kiln. 


**Saneco”’ Veneer Brick 


The facing brick of the ‘“‘Saneco’’ wall struc- 
ture are well adapted for veneering wood 
buildings (see Fig. 5). Brackets for supporting 
the brick and holding them to the wood wall are 
formed from steel bars 2 inches wide (No. 16 
to No. 14 B. W. G.) with holes punched for nailing 
(6 inches apart) to the wood wall. 


ELECTRIC FIRING OF WHITE PORCELAIN* 


By H. MasvuKowl!Tz 


(Translated and adapted by Max Hartenheim) 


I. General 


The ever-increasing use of electric heat during the last 
few years has awakened the interest of the ceramic in- 
dustry for electric furnaces. Electric furnaces for lab- 
oratory and plant have been installed for the most varied 
purposes of electric firing, e.g., firing of white porcelain, 
earthenware, clay, brick at temperatures of 2250° to 
2550°F, of mosaics and tile at 2200° to 2350°F, of roof 
tile, etc., at 1650° to 2100°F, and of colors and enamels 
on porcelain and earthenware at 1300° to 1650°F. 

The incentive for the change has often been the improve- 
ment in quality and reduction of waste due to the clean, 
exact, and uniform operation of the electric furnace, but 
very often also the introduction of more modern, simpler, 
and more convenient firing methods which in many cases 
reduced the firing time considerably by proper application 
of electric heat. 

In this paper, only the particularly difficult and im- 
portant problem of electric firing of white porcelain (hard 


* Reprinted (with permission of the editor) from Elec- 
trowdrme, 4 [11] 245-53 (1934). 


porcelain) will be treated. This materia] consists of 40 to 
50% white-firing plastic kaolin, 25 to 30% quartz sand, 
and 20 to 35% feldspar. Small traces of metal oxides, 
especially iron oxide, easily cause a yellowish tint so that 
for this reason the actual firing process must be reducing. 
The raw materials are very finely ground, mixed, lixiviated, 
pressed, formed, and dried. The first process is then the 
so-called biscuit firing to drive out the mechanically and 
chemically bound water at about 1475°F. After this 
process, the previously fired ware are glazed and hard- 
fired at temperatures of 2300° to 2650°F; contrary to 
most other ceramic firing processes a reducing atmos- 
phere must exist above 1700° in order to reduce the iron 
oxides. 

In case a colored porcelain is to be produced a 
third process is applied, the color or decorative firing. 
This process is carried out at temperatures of 1200° to 
1650°F. 


II. Present Firing Methods 


The most common firing process for porcelain today is 
the firing in large, coal-fired circular kilns with firing cham- 
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bers up to 2500 cu. ft. and more. The furnaces are usually 
two-story furnaces in which the biscuit firing is done in the 
upper chamber with the waste gases of the principal heat- 
ing chamber. The porcelain is packed in saggers and piled 
one on top of the other. The firing process usually lasts 
several days. 

The maximum temperature of the firing chamber is 
2400° to 2550°F, that of the prefiring chamber, 1475°F. 

The characteristic disadvantages of this firing method 
are (1) long firing time, (2) high energy consumption be- 
cause of dead stored heat of the large furnace and the sag- 
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Fic. 1.—Firing curves for white porcelain in different 
furnaces. 1 = coal circular kiln from practice; 2 = curve 
as it should be according to Reutlinger for coal circular 
kiln; 3 = Russ experimental furnace 16 by 19 by 12 
inches; 4 = Junker experimental furnace 16 by 10 by 24 
inches; 5 = 100 kw. Junker car-bottom furnace. 


gers, which amounts to seven times the active weight of 
the porcelain, (3) high cost of wear of the saggers due to 
the height of stacking, (4) high labor cost because of in- 
convenient stacking of saggers, (5) high amount of waste 
due to non-uniform temperature and direction of flame at 
different places in the furnace, and (6) spoiling by fly-ash 
and flame gases. 

These disadvantages are eliminated in the electric tunnel 
kiln and also partly in the fuel-fired tunnel kiln. The small 
furnace section (maximum 3.25 ft. wide and 3.25 ft. high) 
and the heating from all sides result in much shorter firing 
time, fewer saggers, lower labor costs, and considerable 
reduction in waste. The electric furnace, of course, is also 
superior to the fuel-fired tunnel kiln as to uniformity of 
temperature and quality of products. 

Figure 1 illustrates the difference between the various 
firing methods. Curve 1 is the firing curve of a normal 
coal-fired circular furnace as obtained in practice; curve 2, 
given by Reutlinger,' is for a coal-fired circular furnace as 


1E. Reutlinger, “Uber die Brandfiihrung in Porzellan- 
rund- und Tunneléfen,’’ Ber. deut. keram. Ges., 3, 1386 
(1922). 
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it should exist in practice; curve 3, obtained by Russ and 
Buchkremer,? is for an electric experimental furnace, 16 by 
19 by 12 in.; curve 4 was obtained in a Junker experimen- 
tal furnace, 16 by 10 by 24 in.; and curve 5 is from a large 
Junker car-bottom furnace, 24 by 27.5 by 60 in. 

It will be seen that the three electric furnaces have con- 
siderably shorter firing times than the fuel-fired furnaces, 
while they do not differ very greatly among themselves. 


Il. 


The results of Russ and Buchkremer? on firing hard 
porcelain in an electric muffle furnace with Globar heating 
elements agree essentially with the numerous firing experi- 
ments (not published) made in 1932 (which were carried 
out in the Institute for Electric Heating of the Stromver- 
koopmaatschappy in Maastricht) on a Junker chamber 
furnace, 16 by 10 by 24in., heated with Globar elements. 
The furnace has five water-cooled Globar elements above 
and four below, and is suitable fora maximum temperature 
of 2650°F. Its heating rate is 50 kw. so that the furnace, 
if necessary, can be heated to 2400° in 4 to 5 hours. 

A comparison of the firing time (Fig. 1, curves 2 and 4) 
shows that the total time is about the same. The furnace 
of Russ has a slow increase to 1750°, followed by 1850° in 
the soaking zone, which is necessary for the equalization of 
the temperature and for the escape of all occluded gases 
before the melting of the glaze at about 2200° and the re- 
duction of the oxides. In the Junker furnace, the charge 
was heated quickly to 1450°, then slowly through the equa- 
lizing zone. 

The porcelain masses used required firing temperatures 
of not more than 2350 to 2450°, while Russ fired at from 
2450 to 2580°. 

Pure white porcelain could be produced in this furnace 
only with strong reducing agents, such as coke and naph- 
thalene balls due to the lack of illuminating gas. 


Electrical Experimental Furnaces 


IV. Car-Bottom Furnace 

The results obtained led to the installation of a larger 
car-bottom furnace for permanent industrial use in a porce- 
lain factory. The dimensions of the furnace were selected 
so that it could be considered as a part of the large tunnel 
kiln to be installed later. For this reason, a section of the 
furnace corresponds to a section of an electric porcelain 
firing tunnel kiln. The arrangement of the car and the 
length also correspond to those of the tunnel kiln. The 
charging space is 13.5 in. wide, 17.5 in. high, and 59.5 in. 
long. 

The furnace is heated on either side by six water-cooled 
vertical Globar elements, 34 by 1!/s in. These ceramic 
heating elements consist essentially of silicon carbide and 
have specially prepared ‘‘cold ends” of higher conductivity 
which are gripped by the water-cooled springy contacts in 
the furnace. The bottom contact is horizontally angular ; 
the top contact, arranged vertically. 


2 F. E. Russ and R. Buchkremer, ‘‘Untersuchungen tiber 
das Brennen von Hartporzellan in elektrisch beheizten 
Ofen” (Firing hard porcelain in an electric furnace), 
Keram. Rund., 41 
13 [4] 94 (1935). 


[35] 457-59 (1933); Ceram. Abs., 
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Electric Firing of White Porcelain 


Each of the 12 heating elements has a capacity of 8 kw. 
so that the total rating of the furnace is about 100 kw. 
Each set of four elements is connected in series so that, 
for a 3-phase supply of 380 volts, three uniformly loaded 
groups are available for star or delta connection. The cor- 
rect arrangement of the lateral heating elements is of par- 
ticular importance so that at all places in the furnace the 
most uniform temperature possible is obtained in spite of 
the lack of heat from the bottom or ceiling, which is diffi- 
cult to arrange in a tunnel kiln (Fig. 4). 

The ceramic lining of the furnace is of interest, consist- 
ing of very thin, but extremely valuable sillimanite brick 
made to dimension and resistant to high temperatures. 
Some columns carry laterally the thin plates and on top the 
ceiling brick with a hole and the arch. Carborundum plates 
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_ Fic. 2.—Normal heating-up curve and energy consump- 
tion of a charge of 135 pounds of porcelain in the 100 kw. 
Globar furnace. 


are inserted into the front of the columns, which effect at 
the same time the uniformity of temperature in the 
interior of the furnace and protect the heaters against the 
gas atmosphere. 

The other heat insulation consists of light and powdery 
materials which permit high furnace efficiencies. For this 
reason, such furnaces have suprisingly low energy consump- 
tion for heating-up. It was found, for instance, that a fur- 
nace built for comparison in the same factory of exactly the 
same size for heating with gas requires 35,300 cu. ft. of 
illuminating gas to reach a temperature of 2000°F, while 
the electric furnace requires only 560 kw.-hr. The gas 
furnace requires, therefore, 35,300 times 470 or 16.6 
million B.t.u, while the electric furnace requires only 560 
times 3430 or 1.913 million B.t.u, 7.e., almost nine times 
more heat energy for the gas furnace. This shows the great 
importance of good heat insulation of stationary, intermit- 
tent operating furnaces. 

Air and gas are introduced in the furnace laterally at the 
bottom of the car, where they enter the furnace uniformly 
from all sides through lateral slits under the charge. The 
furnace ceiling has several openings which can be closed, 
through which the protective gas, introduced under pres- 


sure, can escape. 
Contrary to the usual designs with heavy fireclay plates 
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and relatively heavy light fire brick, the car bottom, 19%/, 
in. high, was built up of two different layers of heat-insulat- 
ing brick which have a density of 29.2 and 47.5 lb. per cu. 
ft., respectively. The tests on insulating brick permitted 
their use in a perfect way mechanically, so that the car 
proved satisfactory even under the most rigorous operation. 

Carborundum plates, 1 in. thick were laid over this 
brickwork at a distance of 4°/; in. on which the charge was 
placed. Fire clay, sillimanite, and Carborundum were 
selected as materials on which the charge was loaded. 
The most suitable thicknesses for plates of 12 by 15*/, in. 
and maximum furnace temperatures of 2460°C were found 
to beas follows: for Carborundum 0.7 to 0.8 in., sillimanite 
0.8 to 1.0 in., and fire clay 1.2 in. 


The normal firing course is illustrated: in Fig. 2. The 
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Fic. 3.—Heating-up curve for furnace firing vases. 


charge was brought to 1750° to 1850°F in about 6 hr., then 
in 3 more hr., with simultaneous introduction of the reduc- 
ing protective gas, to 2000°F. After this it was rapidly 
heated to 2350° to 2375°F when the protective gas was 
shut off. To obtain a fine glaze afid good body, the tem- 
perature was then kept steady for 2 hr. (in the smaller 
experimental furnaces of Russ and Junker '/2 to 1 hr. soak- 
ing time was sufficient). 

The uniformity of the temperature in the interior of the 
furnace was also determined. Thermocouples of platinum- 
platinum rhodium were built in at 6 different places in the 
furnaces, and, in addition, the temperatures were checked 
with Seger cones. Figure 4 illustrates the results of one 
such measurement, whereby Seger cones 11, 12, and 13 
were distributed over the section at the furnace entrance, 
center, and end. The greatest practical deviation in tem- 
perature was found to be from 36° to 54°F. This shows 
that the temperature distribution in the furnace was 
good, especially on the important bottom plate which was 
not heated. Subsequently dishes, saucers, ete., were 
placed under the Carborundum bottom plates on the 
insulating brick of the car and could still be fairly well 


fired. 
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The Heating Elements 


The Globar heating element has given good results in 
heating ceramic tunnel kilns. It is a relatively thick heat- 
ing rod which is hardly longer than the heated furnace 
interior as it is held by water-cooled steel contacts which 
pass through the whole furnace insulation. This design 
feature is an essential advantage for the thick-walled 
tunnel kilns over other silicon-carbide heating elements 
(which have been proved of value up to 2350°F) in which 
the relatively thin heating element is connected ceramically 
with the terminals. This simple construction avoids the 
disadvantages of water cooling for small chamber furnaces, 
but can not be used for the large tunnel kilns with the re- 
quirement of quick and convenient exchangeability of 
heating elements during operation. 

Globar heating elements have been successfully employed 
in temperatures up to 2650°F. Figures for life in oxidiz- 
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Fic. 4.—Temperature distribution in the car-bottom 
furnace heated with Globar elements, measured with Seger 
cones. A = section at furnace entrance; B = section 
at furnace center; C = section at furnace end. 


ing service of more than 2000 firing hours have been at- 
tained; in reducing service, in particular in the presence 
of hydrogen in the atmosphere which attacks the elements 
because of formation of water-vapor, about 1500 firing 
hours can be assumed. 

The disadvantages of ceramic heating elements are (1) 
high heat losses due to water cooling and passing of each 
heating element through the furnace wall, (2) necessity of 
voltage regulation because of the rapid resistance change of 
the material, (3) relatively short life, and (4) easy fracture. 


Heat Balance 


VI. 


The heat balance and economies of a tunnel kiln for 
firing porcelain are shown in the following data. A single- 
track tunnel kiln, 160 ft. long and 23.5 by 27.5 in. in 


TABLE I 
Temperature Time Length of 
Zone (°F) (hr.) furnace (ft.) Heating element 

1 68-1850 6 40 Chromium nickel rims 
2 1850-2000 3 20 Chromium nickel rims 
3 2000-2370 2 13!/; Chromium nickel rims 
4 2370 2 13'/; 19.5 ft. Globar 
5 2370-2000 13!/3 
6 2000-1470 3 20 
7 1470-210 6 40 

24 16) 


section, has a firing space of (23.5 by 27.5)/144 by 160 
or 720 cu. ft. For a total furnace time of 24 hr., the 


Masukowitz 


hourly advance is 6.6 ft., and the production in 24 hr., 720 
cu. ft. or, for a content of 6.25 lb./cu. ft., 4500 lb. in 24 hr. 
The heating periods, furnace temperatures, and furnace 
lengths are given in Table I, as well as the kind of 
heating elements for each zone. 

Zones | and 2 and half of zone 3 are equipped with Cr-Ni 
rim elements, the remaining 20 ft. of the heating zone 
with Globar elements, and on each side 20 elements of 34 
by 1!/;in. The total connected load is300 kw. The brick- 
work is 27!/, in. thick and consists of 4 in. of fire clay and 
231/> in. of kieselguhr powder. The bottom car brickwork 
is 20 in. high and is made up of two equal layers of in- 
sulating brick of 47 and 29 lb./cu. ft. in weight, respec- 
tively. 

The heat balance of the furnace is shown in Table IT. 


TABLE II 
HourL_y CURRENT CONSUMPTION OF THE SINGLE-TRACK 
TUNNEL KILN 
(kw.) 
(1) Radiation losses 
(a) 20-ft. Globar zone 18 
(b) 662/3-ft. heating-up zone 38 
(c) 85-ft. car radiation 12 
68 = 25% 
(2) Water losses in Globar zone 41 = 15% 
(3) Storage in car bottom 88 = 33% 
(4) Stacking material = 275 lb. at 330 
kw.-hr./ton 41 = 15% 
(5) Charge 187 lb. /hr. 31 = 12% 
269 = 2880 


kw.-hr./ton 


In spite of the excellent heat insulation, low weight of 
car bottom, and favorable stacking conditions a thermal 
efficiency of only 12% can be obtained. 

This becomes, however, quite different for the double- 
track tunnel kiln with the counterflow movement. The 
furnace has the same temperature distribution as the single- 
track furnace, but gives twice the production, that is, 1440 
cu. ft. or 9000 Ib. of porcelain in 24 hr. The furnace is 
heated on both sides and, beginning at 1850°F, also in the 
middle, so that 60 Globar heating elements are required. 
The current consumption is shown in Table III. 


TABLE III 
Hour._y CONSUMPTION OF THE DOUBLE-TRACK FURNACE 
(kw.) 
(1) Radiation losses 
(a) 2 X 20 ft. in Globar zone 28 
(b) 2 X 59 ft. in heating-up 
zone 62 
(c) 2X 59ft.incarradiation 25 


115 = 48% 
(2) Water losses 62 = 25% 
(3) Heat storage of car bottoms 
(25% of 2 X 88 kw.) 44 = 18% 
(4) Stacking (15% of 2 X 41 kw.) 1i2= 5% 
(5) Charge (15% of 2 X 31 kw.) 9= 4%(25%) 
242 = 1300 


kw.-hr./ton 
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Electric Firing of White Porcelain 


VU. Biscuit Firing 
A more favorable energy consumption can be obtained 
in biscuit firing at 1475°F maximum temperature because 
of more suitable furnace design and shorter furnace time. 
A twin tunnel kiln operation at present has a charge of 
1400 cu. ft. or 8800 lb. of porcelain in 24 hr. The furnace 
has a heating length of 50 ft. and two channels, one on top 
of the other, of 3!/;- by 11/s-ft. section, 1.¢., a firing space of 
36.5 cu. ft. Since, with electric firing, the total furnace 
time could be reduced to 6 hr., the daily biscuit production 
is 4 times 36.5 or 146 cu. ft. The feed is quite new as the 
porcelain is pulled out in gliding frames of heat-resisting, 
scale-free metal, over glide tubes. This simplifies the pas- 
sage through the furnace, and results ina faster and more 
uniform heating of the porcelain and a great saving in 
dead weight. 
TABLE IV 
HourRLy ENERGY CONSUMPTION OF THE BISCUIT FIRING 
FURNACE 
(2 X 50 X 3!/, X ft.) 
(kw.) 
(4) Without heat recuperation 
(1) Charge 366 lb. at 10 kw.- 
hr./ton 38.5 
(2) Transporting frames 75% of 
charge = 275 lb. at 145 
kw.-hr./ton 20 
(3) 15% for evaporation of water 


= 55 Ib. at 0.32 kw. ee 
(4) Furnace losses 
88.5 = 484 


kw.-hr./ton 
(B) With heat recuperation 


(1) Charge 20% of 38.5 kw. ia 
(2) Transporting frames (20% of 
20 kw.) 4 
(3) 15% for evaporation (60% of 
17.5 kw. 
(4) Furnace losses 22-5 
44.7 = 244 


kw.-hr./ton 


Vill. 


The question of economy of electric firing over the usual 
firing methods is of particular importance. Tables V to VII 
give a compilation of the costs of some firing methods; 
the costs for a year, which are necessary for a daily produc- 
tion of 8800 lb., are compared for hard firing with the 
biscuit-firing double kiln and with five double-story circu- 
lar furnaces with coal firing. 

Hautmann® made such comparisons but he arrives at too 
low figures of current consumption and replacements for 
the electric furnace and too high figures for the coal-fired 
circular furnace for exclusive hard firing. Tables V to 
VII show unmistakably that the electric tunnel kilns are 
superior to the coal-fired circular furnaces not only in 
The total yearly costs for 


Economy 


quality but also economically. 
biscuit and hard firing amount to about $65,000 or $39.50 
per ton for the electric furnaces; for the coal-fired furnaces, 
$76,000 or $46.20 per ton. (Hautmann calculated for ex- 


3 Franz Hautmann, ‘‘Economy of Electric Firing in 
the Ceramic Industry,’ Sprechsaal, 65 [6] 95-97 (1932); 
Elektrowdrme, pp. 145-46 (1932); the Sprechsaal article 
has been translated for The Bulletin of the American 
Ceramic Soctety, see p. 342. 
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clusive hard firing of 8800 Ib. daily production, $33,000 for 
the electric furnace and $87,000 for the coal furnace.) 

The consumption figures known from gas tunnel kilns 
are about 35,000 cu. ft. of gas per ton for hard firing at 36 
hr. furnace time and about 10,500 cu. ft. per ton for biscuit 
firing at 12 hr. furnace time. The electric furnace is also 
quite competitive at the same unit price on account of its 
advantages. 


TABLE V 
YEARLY Costs OF A DOUBLE-TRACK ELECTRIC TUNNEL 
KILN 


(2 x 160 ft. x 23!/2 x 271/, in.) 
(For hard firing with Globar elements, 8800 lb. daily and 
1650 tons yearly production) 
(1) Energy costs (see Table IIT) 
1650 T. at about 1300 kw.-hr./ton 
= 2,140,000 kw.-hr. at $0.01 
(2) Maintenance 
(a) 60 Globar elements cost $1080 
and last 1500 hr. 
(b) Rim heaters cost $4800 
and last 15,000 hr. = $2800 


$21,400.00 


6,300.00 
2,800.00 


(3) Material costs 
8 T. sillimanite cost $1280 and 
last 60 days = $7800 
(4) Repairs about 
(5) Labor 8600 hr. at $0.50 (1 man) 
(6) Amortization (15% of $36,000) 


7,800.00 
800.00 
4,300.00 
5,400.00 
$48,800.00 or 
$29.60 per T. 
TABLE VI 
YEARLY Cost OF AN ELECTRIC TWIN TUNNEL KILN WITH 
HkEAT RECUPERATION FOR BISCUIT FIRING WITH 4.5 TONS 
DAILY AND 1650 Tons YEARLY PRODUCTION 
(2 x 50 xX X ft.) 
(1) Energy costs (see Table IV) 
(1650 T. at $244 kw.-hr. = 402,000 
kw.-hr. at $0.01) 
(2) Maintenance 


$ 4,020.00 


Rim heaters cost $4000; last 
20,000 hr. 1,750.00 
(3) Transporting frames (one set of 


frames costs $3600; lasts 12,000 
hr.) 

(4) Repairs 

(5) Labor, 8600 hr. at $0.50 (1 man) 


(6) Amortization (15% of $20,000) 


2,600.00 
260.00 
4,300.00 
3,000.00 
$15,930.00 
= $9 .65/T. 
TABLE VII 
YEARLY Cost oF 5 Two-Story CoaAL-FIRED CIRCULAR 
KILNS OF 5000 Cu. Fr. Eacu, witH 4.5 Tons DAILy AND 
1650 Tons YEARLY PRODUCTION OF HARD AND BIscuItT 
FIRING 
Charge (5.5 T. material) (per cu. ft. 
material + 570 lb. boxes) 
Firing time, 4 days 
(1) Cost of coal (800% of 1650 T. 
4950 T. at $3.00) 
(2) Cost of boxes 
(3) Repairs 
(4) Labor (25,800 hr. at $0.50) (3 men) 
(5) Amortization (15% of 50,000) 


firing space 2.3 Ib. 


$14,850.00 
38,000.00 
3,200.00 
12,900.00 
7,500.00 
$76,450.00 

= $46.20/T 


NOTE OF TRANSLATOR: In the conversions, the Reichs- 
mark has been figured to $2.50 and the ton at 2000 Ib. 
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THE ECONOMY OF ELECTRIC FIRING IN THE CERAMIC INDUSTRY* 


By FRANZ HAUTMANN 


It is to be regretted that conditions in Germany, in re- 
spect to the consumer of electrical energy, are still such that 
the cost of current is too high, very likely to the detriment 
of electric utility. At an energy cost of 5 pfg. per. kw.-hr., 
the cost economy of an intermittently used (batch-type) 
electrically heated furnace does not compare favorably 
with furnaces of good efficiency utilizing other fuels. On 
the other hand, the continuous furnace is found to be 
economical, even at this high cost. 

The highest possible efficiency can only be attained in 
a two-track tunnel furnace. The preheating and cooling, 
respectively, of the stock always occurs between two rows 
of cars (1.e., at the middle of the tunnel furnace), so that, 
since the maximum car width is only 450 mm., the (heat) 
transfer is fairly uniform across the entire car width and 
up to the furnace walls, and this effect is further promoted 
by suitable staggering of the heating elements and through 
proper furnace-wall insulation. To achieve a still greater 
uniformity of preheating temperature, the two side walls 
may be provided with ducts through which air or exhaust 
gases (which may be obtained from some other furnace) 
or other gases may be circulated. The gases enter the 
ducts at the outgoing side of the tunnel, take on heat 
in passing the cooling and firing zones, deliver heat in 
passing through the preheat zones (ingoing side of the 
tunnel), and thereby tend to equalize the preheating of 
the incoming ware. 

The heating of the furnace is accomplished by four 
specially distributed elements which will operate without 
difficulty at maintained temperatures of from 1350 to 
1400°C. To maintain uniform temperatures at all points, 
each element should be connected to a single-phase multi- 
ple-tap regulating transformer. 

Element replacement can be made in about one hour 
without undue difficulty, with the help of an electrically 
operated hoist; during this time the travel of the cars is 
interrupted, and the temperature is held uniform through 
the regulation of the remaining three elements. 

The life of the heating elements depends upon the firing 
temperature; e.g., at a temperature of 1250°C it amounts 
to about three months. This temperature is sufficient 
for a stock which would have to be fired at a temperature 
of 1400°C in a kiln since, with electric firing, saggers are 
are not used. 

The construction of the furnace is simple, and special 
consideration is given to the best possible (heat) insulation, 
since by this means the already high inherent efficiency is 
favorably influenced. The saving thereby effected will, in 
a short time, pay for the extra cost of the more expensive 
insulating materials. The length of the furnace is 40 to 50 
meters, which is adequate for delivering the stock from the 
furnace at a temperature low enough to be handled (by 
hand). 

As already pointed out, a superficial comparison of fir- 
ing costs, even when proper allowance is made for the 


* Translated and reprinted from Sprechsaal, 65 [6 | 95-97 
(1982). 
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favorable efficiency of the electric furnace, will lead to false 
conclusions, especially because many factors favorable to 
the electric furnace (in this case the two-track tunnel 
furnace) have to be taken into account, among which are 
the following: 

(1) Electric firing is characteristically unique in that 
it is possible to fire stock (tableware or technical porcelain) 
without the use of saggers. (There are no combustion 
gases to contend with.) This leads to the circumstance 
that less heat is required for the firing per se, and further- 
more, a decided saving is effected through the elimination 
of costly saggers. 

A representative loading ratio for kiln firing is 1 to 5; 
that is, for 1 kg. of ware, 5 kg. of sagger material are re- 
quired, whereas the ratio of like ware, electrically fired, is 
about 1 to1. The life of saggers in kiln firing at a tempera- 
ture of 1400°C does not usually exceed three firings. It 
is an easy matter, therefore, to appreciate the savings 
effected through electric firing due to the elimination of 
sagger costs alone. Even though the kiln furniture for the 
electrically heated tunnel furnace may be more expensive 
than the sagger material, this is compensated for by the 
fact that it has a very long life, 50 firings or more. 

(2) An exceedingly favorable utilization of the firing 
chamber is effected, due to the absence of saggers. For 
example, relatively light stock has a loading factor of 160 
kg. per cu. m. of chamber space, whereas for like ware a 
factor of only 53 kg. per cu. m. can be attained in a kiln 

(3) A speed of two meters per hour for each row of cars, 
which is easily attainable with light ware, will result in a 
daily production of about 26 cu. m. at a tunnel cross- 
section above the car of 2 by 0.45 by 0.6 meter. In terms 
of weight, therefore, a daily production of 26 X 160 or 
4160 kg. per furnace is obtained. 

If a like ware were to be packed in saggers at a ratio of 
1 to 5 for ware and sagger matter, respectively, and the 
kiln fired so as to produce at the above rate, a firing space 
of about 82 cu. m. would be required. Assuming a kiln 
size of 60 cu. m. firing space and bearing in mind that such 
a kiln has a firing cycle of from 31/2 to 4 days, it would re- 
quire five such kilns to match the daily production of a 
single electrically heated two-track tunnel furnace. 

The equipment cost of a single electrically heated two- 
track tunnel furnace is less than that of the equivalent 5 
kilns having a firing chamber of 60 cu. m. each. 

The opinion, which is frequently encountered and which 
has often appeared in print, that the purchase price of 
an electrically heated furnace is excessive, is obviously 
erroneous. 


I. Data ON COAL-FIRED CERAMIC KILN 


Daily production = 4160 kg. ware 

Number of kilns necessary = 5 (60 cu. m. firing space each) 

Charge per cu. m. firing space = 53 kg. ware + 267 kg 
saggers 

Firing temperature = 1400°C 

Coal consumption = 1200 kg./cu. m. firing space, based on 
glost firing (anthracite coal 6800 WE.) 
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Fuel cost = Rm. 18/ton 

Life of saggers = 3 firings 

Cost of saggers = Rm. 30/ton 

Wage/hr. = Rm. 0.80 

Kiln maintenance (repairs) = Rm. 0.40/cu. m. firing space 
Cost of one kiln = Rm. 17,000 

Total cost of 5 kiln installations = Rm. 85,000 


II. DATA ON Two-TRACK ELECTRIC TUNNEL FURNACE 


Daily production = 4160 lb. ware (for this production rate, 
one furnace 45 m. long, having a cross-section of 2 x 
0.45 x 0.60 m. is required) 

Charge per cu. m. firing space = 160 kg. ware + 160 kg. 
kiln furniture 


Firing temperature = 1250°C (sufficient for ware which 
would require 1400°C when fired in a kiln) 
Energy consumption = 120 kw.-hr./cu. m. firing space 


Cost of electrical energy = 3 pfg./kw.-hr. 

Cost of heating elements = Rm. 0.80/cu. m. firing space 

Life of kiln furniture = 40 firings 

Cost of kiln furniture = Rm. 500/ton 

Hourly rate = Rm. 0.80 

Furnace maintenance (repairs) = Rm. 0.30 per cu. m. 
firing space 

Cost of furnace = Rm. 75,000 


COMPARATIVE ECONOMY 


Two-track 
Coal-fired electric 
Annual capital and firing costs kiln tunnel furnace 
(Rm.) (Rm.) 
Fuel cost 
Coal 62,208 
Electrical energy (includ- 
ing heating element cost) 41,184 
Sagger cost 76,896 
Kiln furniture 18,720 
Maintenance (repairs) 11,520 2,808 
Labor cost for burners and 
setters 20,736 6,912 
Rejects 18,000 1,760 
Interest and amortization of 
capital at 15% 12,750 11,250 
Total 202,110 82,634 


(4) The servicing of the furnace is very simple and one 
man can supervise the furnace and also load and unload 
the cars, since all of these operations take place within a 
convenient radius. 

The high-temperature zone can be maintained at con- 
stant temperatures by means of thermocouples or automatic 
temperature-regulating devices. These latter, however, 
are not necessary since the normal resistance change of 
the heating elements can readily be compensated for by the 
manual manipulation of the multiple-tap regulating trans- 
formers. By means of voltmeters and ammeters, con- 
spicuously mounted at each regulating transformer, the 
change in resistance of heating elements is made manifest 


at any time to the operator. This means of indicating 
element change may further be emphasized by the use of 
an alarm system (bell ringing). 

Due to the ease, as described, of maintaining uniform 
firing conditions, the probability of under- and over-firing 
is quite remote, for which reason second-rate ware is rarely 
produced. 

(5) With the electric two-track tunnel furnace, one 
man attends to the loading and unloading of cars and also 
supervises the entire furnace operation. Consequently, 
an electric furnace calls for only about one-third the labor 
cost of the kiln-fired operation. 

The operation of the electric furnace is clean and the 
working conditions are pleasant to the personnel since no 
contamination of the air takes place. 

(6) Electric two-track tunnel furnaces can be eco- 
nomically constructed for relatively small production, 
whereby it becomes possible, in the large production of 
diverse ware, to fire each class or type in a furnace especi- 
ally adjusted to the particular product. 

It frequently happens that an item in an order is missing 
or that an order must be executed with extraordinary dis- 
patch. In such cases, the firing can be accomplished in 
the electric two-track tunnel furnace in a matter of hours 
as compared with days and weeks of kiln firing. 

(7) The floor space required by an electric two-track 
tunnel furnace for a production of about 4000 kg. per day 
of light ware compares with that of kiln installation of like 
capacity, 60 cu. m. per kiln, in the ratio of 1 to3.5. This 
means that only two-sevenths of the floor space of the 
kiln installation is required. 

The electrically heated two-track tunnel furnace, because 
of its relatively light weight, can also be built in ‘‘stories’”’ 
in case such a construction is advantageous in a plant for 
space and transport reasons. 

(8) With electric firing, smoke nuisance is not encoun- 
tered since no smoke is produced. Moreover, there is less 
fire hazard than in the case of kiln installations. 

The comparative tabular data above form a picture of 
the superiority and economy of the electrically fired two- 
track tunnel furnace as compared with the coal-fired kiln. 

The savings effected through electric firing as compared 
with coal-fired ceramic kilns consequently amounts, in this 
instance, to Rm. 119,476. 

A still more favorable comparison would result if the 
space economy had been taken into consideration in the 
above tabulation. Futhermore, no consideration has been 
given to the fact that in the case of the coal-fired kiln a 
large storage space for fuel is required, in consequence of 
which the operating capital is increased and the total in- 
stallation cost is enhanced by the cost of the required fuel 
bins. 
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ELECTRICAL FIRING IN THE CERAMIC AND GLASS INDUSTRIES* 


By J. CourTo1s 
(Translated by M. H. Berns) 


Applications of Electrical Heating in 
Ceramic and the Glass Industry 

The chief characteristic of the use of electrical apparatus 
is the quality of the products obtained. There should be 
no doubt as to its use, except in certain cases where cheap 
products are manufactured for which ordinary fuels are 
generally satisfactory and for heavy clay products, unless 
water power is very cheap. Such is the case in some 
regions in Scandinavia and Switzerland, where for 
the most part fuel is very costly. The use of electric 
furnaces for drying or firing brick, tile, or common clay 
products does not seem practical in our regions. 

In like manner in the glass industry, electric melting 
of common glass does not seem to improve the quality of 
the product; even if the price of electric energy permitted, 
there is no economy over the use of fuel. Now, after the 
tests made in industry, the price per kw.-hr. must be 
less than 0.4 franc, to permit competition with large gas 
or oil furnaces. Although this figure seems a little low, 
one must admit that the application of electricity is not 
possible for common glass except with a very low price 
of electrical energy. 

The applications of electricity which seem particularly 
interesting in ceramics and the glass industry will be 
briefly reviewed. 

Ceramics 

The firing and decorating of ceramic products treated 
in the electric furnace may be divided into two groups, 
(1) those fired below 1050°C and (2) those fired from 
1050° to 1400°C. As an example of (1), resistors of nick(- 
chrome may be used. 

For several years the electrical heating of ceramic 
furnaces has been particularly developed in England, in 
spite of the continued opposition of the potteries. Tunnel 
furnaces (Campbell and Moore) have been used for some 
years for decorative firing. This operation, where sulfur 
is always feared, often requires the use of costly wood fuel. 
Here the electric furnace has given the very best results: 
(1) purity of atmosphere and obtaining tints impossible 
to secure otherwise; (2) exceptional temperature pre- 
cision and uniform heating with the almost complete 
elimination of rejects; and (3) although the relative price 
of electrical energy and fuel is near to that which prevails 
in France, the cost of this apparatus is less than for ap- 
paratus using coal (the consumption is nearly 0.5 kw.-hr. /- 
kg. of product produced). 

The furnace used is made up of a tunnel through which 
trucks carry the charge; the resistors are located in the 
middle of the furnace so that the heating and cooling is 
effected progressively as desired. 

Pyrometers and temperature regulators assure heating 
control. 

The results entirely confirm the theory and also agree 
with tests made in France, in the laboratory and in the 

* Partial reprint of article from Céramique Verrerie, 
Emaillerie, 391-94; [10] 441-43 (1934). 


industrial application of the fusion of glazes and colors. 

For all applications where the atmosphere is of first 
importance and where the use of combustion furnaces 
causes trouble due to the irregularity of heating, fissures 
of the muffles, and alteration of the colors, the electric 
furnace has given full satisfaction. 

For products requiring a fusion temperature of 1050 to 
1100°C (cones 05 to 03), the nature of the elements to be 
adopted has for a long time been a source of discussion. 
It is for these products that a furnace of several arcs may 
be used which permits attaining the temperatures desired 
without difficulty, but which does not permit a sufficiently 
uniform heating. (Small furnaces so constructed function 
all right.) The same inconvenience seems to be produced 
with furnaces using resistors of carbon granules (Brown, 
Sauvageon).! These furnaces have been used in the 
laboratory, but it is not known that they have been tried 
industrially. 

One turns then to clay and graphite elements, covered 
with a refractory (Morgan furnace) and used in the form 
of slabs. These resistors permit temperatures of 1350 to 
1400°C. 

Furnaces equipped with these elements have been in 
use in Gustavberg for several years. Fine faience cups 
(1100°C) are fired, the weekly production averaging 
50,000 dozen with an energy consumption of about 1.5 
kw.-hr./kg. of pieces. In another instance, 3200 kg. of 
porcelain per day have been obtained (1150°C) in a furnace 
of 150 kw. at a cost of 1.1 kw.-hr./kg. 

Carborundum resistors permit temperatures to 1400°C, 
and interesting experiments have been made lately with 
these resistors. Enough data have been obtained to 
influence the French manufacturer to install tunnel 
furnaces for porcelain fusion. 

In Germany, ceramic sanitary ware is made in an 
electric furnace at 1300°C, using silicon carbide elements. 

The use of electrical heating for the fusion of porcelain 
and faience in biscuit or underglaze permits abolishing 
saggers; heating the excess weight of the saggers often 
requires more than two-thirds of the charge; softening 
defects are also avoided. (In spite of certain allegations, 
the abolishing of saggers hardly seems possible with other 
furnaces.) These advantages are independent of the 
other advantages already cited for the uniformity of 
temperature and the composition of the atmosphere in 
the furnace. 

Glass 

The different heating operations in the glass industry 

are fusion, annealing, decoration of the glass, and heating 


of safety glass. 


(1) Fusion 


(a) Common Glass.—Although the working tem- 
perature of glass varies from 800 to 1000°, in order to 


1 The Brown furnace and the Sauvageon furnace have 
been reproduced in Céram. et Verrerie, p. 622, 1929. 
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assure the elimination of occluded gases and the homo- 
geneity of the material, the heating should be prolonged 
to 1400 or 1500°C. Research has confirmed similar 
difficulties mentioned in the case of firing ceramic ware. 

A. Granger? has given a complete review of the history 
of the tests. These tests have only a retrospective in- 
terest, however, for he has presented nothing affecting 
the industrial work (taken in part from the work of 
Sauvageon). 

These briefs were made for a platinum resistance 
furnace, evidently not designed for industrial use; tests 
were then made with an arc furnace, but the results were 
mediocre, particularly because of the coloration of the 
glass by the carbon dust detached from the electrodes 
(Becker and Voelker). Tests were made also with arcs 
of carbon granules (Martz), so placed as to assure the 
properties of the bath. The consumption was about 
2 kw.-hr./kg. of glass. Resistance furnaces of granules 
were also used, but it seemed difficult to attain the desired 
temperatures (Brown). 

The tests of Sauvageon, made in 1920, however, showed 
that it is possible to obtain a good glass with such a 
crucible furnace but the consumption of energy was raised 
to 60 kw.-hr./kg. 

Apparently Sauvageon had the idea of using the property 
of glass as a conductor at about 250° and to use it as the 
resistance. 

Although the furnaces tested up to that time were 
generally of the pot type, this new means of heating 
permitted using a bath furnace, the consumption being 
lowered to 4 kw.-hr./kg. of glass. But another difficulty 
presented itself: the electrodes bringing in the current 
were necessarily in contact with the bath which attacked 
them and gave rise to coloring of the glass. (Traces of 
oxides are sufficient to give a color, depending on the 
composition of the glass and the metal of the electrodes; 
graphite electrodes also color the bath.) 

Sauvageon’s furnace* was used for the production of 
window glass, by the Fourcault process. The differences 
on the sections of the tank varied the current density, so 
the temperature was also varied as desired. A tem- 
perature of 1400° was obtained with this furnace, the 
specific consumption of electricity being about 4.5 kw.- 
hr./kg. of glass produced. 

Sauvageon tried a mixed furnace in which to the heating 
by electrodes in the bath was added the heating by radia- 
tion from the arch (the arch being heated by a mass of 
granules). A heat of 1500° was thus secured, but with 
a higher consumption of energy. The investigators also 
directed their efforts to a bath furnace having only re- 
sistors in the bath. 

The specific consumption was lowered by a better 
arrangement of the furnace, which also prevented the 
coloration of the glass. In the end, electrodes of iron, 
low in carbon, and electrodes of special graphite on which 
the attack is low were used. 

In the last analysis, the temperature near the electrodes 
was diminished (circulation of water in them diminishing 
the density of the current). 

The Raeders and Cornelius furnaces have given satis- 


2 Céram. et Verrerie, October, p. 559, 1929. 
3 Tbid., p. 561. 


factory results in Norway and Sweden; the specific con- 
sumption does not exceed 1.2 kw.-hr./kg. for daily pro- 
duction of from 9 to 10 tons, the temperature reaching 
1500°C (some cite the figures of specific consumption 
lower than 1 kw.-hr./kg.). 

We have not heard the results obtained with these 
furnaces, which again allows room for controversy, some 
claiming that they have given uncolored glasses, free from 
bubbles; others, that they have made bottles ‘“‘good enough 
to be sold.” 

The truth is that tinted glass products of good, common 
quality have been obtained and it is probable that, 
by the use of electrodes of special alloys, all coloration 


lectroges 
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Fic. 1.—Design of ‘‘Raeders”’ furnace. 


may be avoided. It is necessary, however, to add that 
research is being done on alloys and that the situation 
has not improved for the past several years. 

The consumption of the different furnaces used for glass 
fusion in tanks is approximately as follows: 

Gas furnaces: 4200 cal./kg. of glass 


Oil furnaces: 2900 cal./kg. of glass 
Electric furnaces: 1 kw.-hr. (864 cal.)/kg. of glass 


A rapid calculation shows that with the actual cost of 
oil, the electric furnace is interesting only if the price per 
kilowatt-hour is near 0.10 franc. Since the price of fuel 
seems destined to rise, a price (per kilowatt-hour) a little 
lower should then be acceptable. It is true that the 
electric fusion of common glass seems to be reserved to 
those regions which can sell electrical energy at a very 
low price. 

(b) Special Glasses —If there is no necessity to lower 
the specific consumption in the production of common 
glass, then the continuous tank furnace may be used. 
The crucible furnace, however, seems more favorable for 
special glasses in which quality is the first consideration 
and in which glass is made in small quantities. Here, the 
furnaces of granular carbon resistors should be of value. 
This furnace uses an oscillating arc, well known in the 
fusion of alloys; it has also been used in America for the 
fusion of glass. Above all, the particles of carbon are 
not mixed in the bath. 

This furnace is made of a horizontal cylinder, furnished 
with a pouring lip and charging door with holes for the 
entrance of the electrodes. It is placed on rollers and is 
given an oscillating motion. This rocking of the bath is 
evidently favorable to the elimination of gas bubbles and 
to the homogenization of the bath. 

A furnace totally new, made at the Laboratory of 
Electro Technique of Saint-Gobain and which resembles 
externally the furnace mentioned above, uses as resistance 
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a bar of carbon situated axially, replacing the electrodes 
of the foregoing apparatus. A little paradoxical, the 
consumption of resistors is small and interesting tests 
have been made for the fusion of metals, glass, and silica 
(starting with a cold furnace, 20 kg. of silica are fused in 
6.5 minutes). 

The high-frequency furnace, so interesting for the 
working of silica, may be used, the glass itself serving as 
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Fic. 2.—Induction furnace of M. George. 


a resistor; in starting, however, the heating should be 
made by the crucible. One of graphite or silicon carbide 
must be used, which results in coloration. 

We do not wish to end this enumeration without men- 
tioning the furnace imagined by M. George, an induction 
furnace of normal frequency, in which the secondary is 
made up of a tin coil, a metal which is not attacked by 
glass and which remains in the liquid state, with a long 
temperature range between fusion and _ volatilization. 
The tin coil is used as a resistance and fuses the charge 
which lies on it. The glass runs no risk of coloration and 
is naturally agitated due to the electromagnetic action 
exercised in the bath. 


(2) Annealing 


The rapid cooling of glass causes cracks due to internal 
the exterior of the object solidifies, while the 
The reduction of 


strains; 
interior is still in the viscous state. 
tensions must be forced during solidification by annealing, 
the temperature of which depends naturally on the nature 
of the glass, which is usually between 500 and 600°C. 
The same treatment must be given to laboratory glass. 

The annealing temperature should be slightly less than 
the softening temperature of the glass. It is necessary 
to obtain a uniform distribution of heat in the length and 
breadth of the furnace, and to operate the heating and 
cooling as progressively as possible. ; 

The electric furnace with nickel-chrome resistors per- 
mits, here again, avoiding defects. If the considerable 
economy that this represents is added to the other ad- 
vantages previously cited, 7.e., the economy of labor by 


Courtots 


reduction of laborers and fuel, etc., it is seen that, for 
the common objects of manufacture, the electric furnace 
may well compete with other heating apparatus without 
the price of energy being too low. 

For the continuous manufacture of objects of the 
common types, the annealing effected in continuous 
electric leers seems possible if the price per kilowatt-hour 
does not exceed 0.30 franc. 

The pieces are warm when they go into the furnace, 
thus making for minimum consumption. The heat 
admitted with the pieces increases as the size of the ware 
increases and also as the number of pieces increases. If 
the temperature of the glass going into the furnace is 
500°, the annealing made also at 500°, the consumption 
is only 17 kw.-hr. per ton (production of 500 kg./hour). 

For fine glass or worked glass, the gain on the rejects 
only often outweighs the higher price of energy. This 
is also true for the annealing of optical glass. 

A continuous furnace for annealing insulators (Messrs. 
Fourement and Ladurée) has lowered the number of 
rejects about 40% since the substitution of the electric 
furnace for the fuel furnace. 


(3) Decoration on Glass 


We shall not enlarge on the interesting advantages of 
the electric fusion of colors and enamels on glassware or 
enamelware. These advantages have already been 
realized. 

The manufacturer is assured of perfect surfaces in 
painting on glass. There will be no alteration of tints 
and the product will be constant in quality. Here again, 
these advantages are such as to cause disregard of the 
price of electric energy. 


(4) Heating of **Safety”’’ Glass 


The heating of ‘‘safety’’ glass requires two processes, 
(a) interposing a cellulose film between two pieces of glass 
and (b) hardening the glass used. 

The application of the cellulose film requires that glass 
be heated. The precision of electrical heating guarantees 
the best results. 

The hardening produces important modifications of the 
physical qualities of the glass, in particular its resistance 
to shock and temperature change. 

The precision and uniformity that is necessary in 
obtaining the hardening temperature forces the exclusive 
use of the electric furnace for heating the glass to be 
tempered. 

At the end of this rapid review of actual applications 
and possibilities of electrical heating in ceramics, it must 
be admitted that with the application of electrical heating 
to enameling on glass and porcelain, to the firing on of 
decorations, and to the annealing of glass (operations for 
which numerous installations have been made, discreetly 
it is true), and if the several industries would use elec- 
trically fired kilns for the firing of porcelains, our loss due 
to foreign competition would be considerably less. For 
these we have no excuses. The furnace materials have 
They have been developed for the 
industries. Electrical heating need no 


been available. 
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longer be demonstrated. 
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OF THE SOCIETY 


ART DIVISION FALL MEETING DISCUSSION LEADERS NAMED 


Meetings Scheduled for the Mornings of October 25 and 26 at the Onondaga Hotel, 
Syracuse, N. Y. 


Six round-table discussions dealing with various phases 
of ceramic art and education have been scheduled for the 
mornings of October 25 and 26 at the Onondaga Hotel, 
Syracuse, N. Y., to complete the program of the first Fall 
Meeting of the Art Division of the American Ceramic 
Society. To cover incidental expenses there will be a 
registration fee of fifty cents. 

Discussions are to start promptly at 9 a.m. both morn- 
ings. The afternoons and evenings have been left free for 
viewing the exhibition or for group conferences. 

Friday evening, October 25, at 8 o’clock there will be a 
reception to delegates to the Art Division Meeting. This 
will be held at the Syracuse Museum of Fine Arts. 


Flint and Rhead to Lead Discussions 

Francis C. Flint (Vice-President of the American 
Ceramic Society), Hazel-Atlas Glass Co., Zanesville, 
Ohio, will lead the round-table discussion, ‘‘Codperative 
Possibilities in Relations of the American Ceramic Society 
and Ceramic Craftsmen.’’ This topic is scheduled for the 
Saturday morning session. 

Frederick H. Rhead (Trustee of the Art Division of the 
American Ceramic Society) Art Director, Homer Laughlin 
China Co., Newell, W. Va., will have charge of the dis- 
cussion, ‘‘Methods of Stimulating the Ceramic Crafts in 
Relation to Industry,’’ also scheduled for Saturday morn- 


ing. 


NEW MEMBERS 


Corporation 

BUFFALO, NIAGARA & EASTERN POWER Corp., C. P. Yoder, 
voter, 504 Electric Bldg., Buffalo, N. Y. 

CuHicaGo Pottery Co., F. J. Clifford, voter, 1920 Cly- 
bourne Ave., Chicago, III. 

FIRESTONE STEEL Propucts Co., J. E. D. McCarty, voter, 
Akron, Ohio. 

McNICOL, D. E., Pottery Co., D. E. MeNicol, Jr., voter, 
Clarksburg, W. Va. 

Personal 

BILLiaR, A., Standard Steel Works Co., Burnham, 
Pa.; works manager. 

CHAMBERS, ARTHUR, Littlewood, Worsley, Manchester, 
England; assistant works manager, Pilkington’s Tile & 
Pottery Co., Ltd. 

CHRISTIE, LEONARD D., JR., 239 West 14th Place, Chicago 
Heights, Ill.; assistant foundry metallurgist, American 
Manganese Steel Co. 

FORTER, SAMUEL A., 119 Federal St., N. S. Pittsburgh, Pa. 

FRANCE, JAMES H., J. H. France Refractories Co., Snow 
Shoe, Pa.; president. 

LAIRD, CHARLES, Box 122, Star Route, North Birmingham, 
Ala. 

Perper, Luise, Sybel Str. 8, Berlin-Charlottenburg 4, 
Germany. 

SmitH, Harry Lestie, Holderness School, Plymouth, 
N. H.; instructor of arts and crafts. 

Younc, VINCENT M., 27 Upton Park, Rochester, N. Y.; 
ceramic engineer, Bausch & Lomb Optical Co. 


Luke F. Beckerman, Dept. of Public Instruction, Scars- 
dale, N. Y., will lead the discussion, ‘‘Ceramic Craft Work 
in Secondary Schools,’’ on Friday morning. 

H.R. Bacher, White Cloud Pottery, Rock Tavern, N. Y., 
will have charge of the discussion, ‘‘Ceramic Texts and 
Materials Which Would Aid Craftsmen and Schools.” 
This topic follows the discussion led by Mr. Beckerman. 

As previously announced (see The Bulletin, p. 323, 
September, 1935) Dean M. E. Holmes, New York State 
College of Ceramics, Alfred, N. Y., and C. H. Parmelee, 
Onondaga Pottery Co., Syracuse, N. Y., will also lead 
discussions. Their topics are, respectively, ‘‘Ceramic Art 
Education in Colleges,’’ and ‘‘Small Kilns for Craftsmen 
and Schools.” For a detailed announcement of the 
program topics and the questions outlined for discussion 
under each topic, see The Bulletin, p. 269, August, 1935. 


Special Invitation Issued 


To stimulate the interest of ceramic educators, craftsmen, 
and artists who are not members of the American Ceramic 
Society, a special invitation has been issued to a thousand 
persons active in these fields in the United States. 

L. E. Barringer, Chairman of the Art Division, C. M. 
Harder, Secretary, and C. C. Engle, Membership Committee, 
have prepared this special invitation and list of prospects. 


MEMBERSHIP WORKERS’ RECORD 


Corporation 
G. S. Diamond ] Office 2 
Joe Gregorius ] Total 4 
Personal 
W. F. Curtis 2 Walter Steger | 
F. H. Norton pe Office 3 
M. R. Scott l Total 9 
GRAND TOTAL 13 


MEMBERSHIP STATUS 


August 22, 1935 September 30, 1935 

Paid in full 

Personal 1194 1199 

Corporation 186 186 
Honorary, Life, and 

Complimentary 26 26 
Deferred personal 45 3 
Part-payment personal 69 53 
Subscribers 435 441 
Advertisers 34 35 
Current Sales 200 225 

2189 2199 
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Personal 


AYLSWORTH, WALTER S., 119 Federal St., Pittsburgh, Pa. 
(2902 Grant Bldg.) 


BENNETT, A. LEE, 1327 Allen, Glendale, Calif. (718 E. 
Cypress St.) 
BRANDT, WILLIAM O., 4522 12th Ave., N. E., Seattle, 


Wash. (2637 Boylston Ave. N.) 

Coucn, ALBERT H., Libbey-Owens-Ford Glass Co., Toledo, 
Ohio. (University of Washington, Seattle, Wash.) 

DEVOL, JAMES C., R.R. 3, South Haven, Mich. (Louis- 
ville Products Co., Louisville, Ky.) 

DIETRICH, WALDEMAR F., U. S. Bureau of Mines, Rolla, 
Mo. (683 Alvarado Row, Stanford University, Calif.) 
DvuvALL, WAYNE H., 6620 S. Lowe Ave., Englewood Sta., 
Chicago, Ill. (501 N. Central, Austin Sta.) 
EMERY, WALTER, Bassilow House, Fenton, 

Trent, England. (Ayrshire, Scotland) 

Fay, Gorpon C., 6 Leslie St., Ingram, Pittsburgh, Pa. 
(Clearfield, Pa.) 

FLINT, Francis C., Hazel-Atlas Glass Co., Market St., 
Zanesville, Ohio. (Washington, Pa.) 

GouLbD, KENNETH D., 303 S. Cross St., Robinson, Ill. (Des 
Moines, Iowa) 

HANNA, RALPH E., R.R. 6, Anderson, Ind. 
Anderson, Ind.) 

HEATH, FREDERICK T., JR., Brick Mfrs. Assn. of New 
England, 627 State Mutual Bldg., Worcester, Mass. 
(Onondaga Brick & Tile Corp., Syracuse, N. Y.) 

HuGues, ADRIAN C., 316 South Ave., Wilkinsburg, Pa. 
(Harbison-Walker Refractories Co., Clearfield, Pa.) 

KERR, CHARLES H., 214 S. 2nd St., Covina, Calif. (Re- 
seda, Calif.) 

KING, JOHN U., Jr., 2200 Prospect Ave.; 
Allied Engineering Co., Cleveland, Ohio. 
lina State College, Raleigh, N. C.) 

—_e F. A., Unionville, Mich. 
Pa. 

LANpRUM, R. D., 3468 Daleford Rd., Shaker Heights, 
Cleveland, Ohio. (Harshaw Chemical Co., Chicago, III.) 

Mayer, Jack, Bonney-Floyd Co., Columbus, Ohio. 
(Bethlehem Steel Corp., Bethlehem, Pa.) 

MILLER, JAMES L., 372 William St., Somerville, N. J. 
3.) 


Stoke-on- 


(Edgewood, 


Eng. Dept., 
(North Caro- 


(Philadelphia, 


Notes and News for Ceramists 


ROSTER CHANGES DURING SEPTEMBER * 


MUELLER, Kurt, Wapakoneta, Ohio. (Davidson Enamel 
Products Co., Clyde, Ohio) 

REYNOLDS, OWEN J., Box 341, Addison, N. Y. 
N. Y.) 

Rotu, H. A., Rundle Mfg. Co., 3905 River Rd., Camden, 
N. J. (Milwaukee, Wis.) 

RucuH, E. W., North American Refractories Co., Lock 
Haven, Pa. (Bolivar, Pa.) 

SAULS, J. BEVERLEY, Porcelain Enamel & Mfg. Co., Balti- 
more, Md. (Ayden, N. C.) 

SCHLEHR, W. RAyMonp, 404 Lake Ave., Baltimore, Md. 
(3633 Rexmere Rd.) 

SHELTON, STEPHEN M., Bureau of Mines, Reno, Nevada. 
(Bureau of Standards, Washington, D. C.) 

STOWE, G. T., E. J. Lavino & Co., 1528 Walnut St., Phila- 
delphia, Pa. (470 Bullitt Bldg.) 

TETRICK, JAMES D., Baltimore Enamel & Novelty Co., Bal- 
timore, Md. (Metal & Thermit Corp., Carteret, N. J.) 

WEDEMEYER, N. G., 875 Sheridan Rd., Columbus, Ohio. 
(Ro6hm & Haas Co., Philadelphia, Pa.) 


Student 


McLain, WILLIAM R., 124 W. Woodruff Ave., Columbus, 
Ohio. (Statesville, N. C.) 

PHILLIPSON, Epwarp G., 618 McPherson Ave., Saskatoon, 
Sask., Canada. (421 Ave. H South.) 


* Address in parentheses is the old address. 


(Alfred, 


California Section Studies ‘‘Nature”’ 


Seventy members of the California Section attended the 
annual dinner, beer bust, and entertainment on August 23. 
Elwyn L. Maxson was chairman of the entertainment 
committee. A discussion was held on ‘‘The Uses of Talc 
and China Clay on Nature’’ (rather than in nature). 
Five examples of the decorative effects of these ceramic 


materials were presented.—-Tom Curtis, Secretary 


NOTES AND NEWS FOR CERAMISTS _ 


Walter Lindemann Candidate for A.S.M.E. Office 


Walter C. Lindemann, Trustee Representative of the 
Enamel Division, American Ceramic Society, is one of 
three candidates for the office of Manager in the American 
Society of Mechanical Engineers. Mr. Lindemann has 
been selected by the Nominating Committee as one of 
three Managers to be elected, the nomination assuring 
his election to office in December of this year. 


Willi M. Cohn to Teach Ceramic Technology 


Announcement of the appointment of Willi M. Cohn, 
consultant, of Berkeley, to the staff of the University of 
California Extension Division was made recently. 

Dr. Cohn will teach ceramic technology, the courses 


planned showing general principles rather than details of 
manufacturing ceramic products. The following courses 
are planned: (1) fundamental principles involved in 
manufacturing, using, and testing ceramic materials, in- 
cluding glass, (2) ceramic glazes, (3) drying and firing of 
ceramic products, and (4) discussion of recent develop- 
ments in the glass and ceramic fields. 


Partridge at Hall Laboratories, Inc. 


Everett P. Partridge has been appointed director of re- 
search of Hall Laboratories, Inc. In this position, which 


he assumed September 1, Dr. Partridge will be associated 
with Ralph E. Hall, the managing director of Hall Labo- 
ratories, and his staff. 
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Those attending the technical session of the Refractories Division Summer Meeting, September 20. 


COMMUNICATIONS—CERAMIC HISTORY 


INTERNATIONAL STANDARDIZATION OF COLORS* 


By A. MAERz 


ABSTRACT 


The problem of naming colors is discussed. 


The history of our ideas of color from 


the experiments of Isaac Newton to the contemporary work of Munsell, Ostwald, and 


Maerz is traced. 


The possibilities of a universal standard nomenclature are exam- 


ined and details of an organization for international action through industry are given. 


It is probable that some persons whose time is consumed 
with their own occupation believe that color difficulties are 
of a special kind in their special industries. The writer, 
whose profession concerns colors alone and whose investi- 
gations have entered all industries, knows that these 
same difficulties exist universally. Color is entirely a 
subjective phenomenon, whether the stimulus for the 
color sensation arises from a vitrified substance, as in ce- 
ramics, from a dye-stuff, as in textiles, or from a homogene- 
ous ray of light, as in refraction, and in all industries and 
all sciences that use color the same subjective phenomenon 
is dealt with. It is the terminology of this single phenom- 


enon that gives so much trouble. 


Two Separate Problems 

It is, of course, not the terminology alone that causes 
trouble in matters of color. There are two separate prob 
lems, one caused by the number of different colors, the 
other by their nomenclature. It is essential that they be 
kept separate in the mind, as it is astonishing how many 
persons and how many writers on the subject confuse the 
two. From laboratory investigations, it is calculated that 
the ordinary normal human eye can distinguish of least 
perceptible differences of color about a quarter of a million 
Trained eyes, that is, those whose work deals constantly 
with colors, can distinguish about two million. Fortu 
nately, colors fall into groups, and in ordinary life we have 
to deal with but very few at a time. Nevertheless, the 
available range of even decidedly differing colors is so great 
* Supplementary material to A. Maerz, ‘International 
Standardization of Colors,’”’ presented at Annual Meeting, 
American Ceramic Society, Buffalo, N. Y., February, 1935. 
(Art Division). This paper will be published in The 


Journal of the American Ceramic Society, November, 1935. 
Received February, 1935. 


that in any industry where the financial investment for 
color alone is large, there is only one solution, and that is a 
general trade agreement to restrict the offered colors to a 
small selected number. The difficulties caused by the 
number of different colors are imposed upon us by nature, 
which itself provides no solution. 

The concerning nomenclature, 


inan-made, since names are bestowed on colors. 


however, is 
Having 


problem 


been made by man, the problem can be solved by him, 
provided he desires it ardently enough. The solution 
would result, of course, in a standard color nomenclature. 
But it is plainly evident from history that that result is 
not going to evolve naturally; it can come about only by 
definite united action on the part of individuals, societies, 


and organizations. 


Standardization of Colors 


The standardization of colors has been talked about for 
many years, and the writer does not remember ever having 
heard any objections advanced against it. There is, how- 
ever, so much vagueness generally as to just what the 
standardization of color means, that it can be truthfully 
said that very few persons have any real understanding of 
it. It is usually believed that an orderly arrangement of 
colors by which they might be described or specified on 
some arbitrary numerical system of terminology is all 
that is necessary. But, for a long time such systems have 
appeared at regular intervals, invented and published by 
individuals, some of whom, like Chevreul, have possessed 
great scientific authority. Most such systems enjoyed 
in their day considerable popularity, but each one, without 
exception, gradually vanished into history, and investiga- 
tion shows that none ever had a real life or any real in- 
dustrial acceptance and use. 
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To understand what a standardization of colors means, 
a knowledge of the history of our ideas of color is needed. 
To the writer’s knowledge, such a history has never before 
been presented. Some of the earlier systems have been de- 
scribed but the logical development of color classification 
and nomenclature has not been shown. 


Beliefs of Earliest Times 

From the earliest times until Isaac Newton appeared on 
the scene, toward the end of the 17th Century, men had 
believed that there were three primary colors, red, yellow, 
and blue. Occasionally other groups of colors had been 
considered, e.g., the group of four, red, yellow, green, and 
blue, but this was more or less a philosophical notion of 
color. 

The selection of red, yellow, and blue was perfectly 
Red and yellow paints mixed together give 
red and blue give violet; yellow and blue give 
green. As early as Aristotle’s time, men recognized that 
colors were produced in strange ways, as in the rainbow, 
different from the colors in the material objects about them, 
but for their use and practice, they had only pigments. 

After the Renaissance and the birth of experimental 
science, glass prisms were available, and the observation 
of the colors shown by them was common. Other men 
before Newton had played with prisms, but none had 
thought to inquire into their action. 


natural. 
orange; 


Isaac Newton's Experiments 


Isaac Newton was a man of colossal genius. His book, 
Opticks, is a monument of what scientific experiment and 
reasoning should be but so seldom is. Modern optical 
experts think they know much about light and color; 
if they would read Newton’s Opticks they would doubtless 
be surprised to find that he covered the subject quite fully 
from his own discoveries. The clarity of his insight into 
the truths of things, and his seemingly easy avoidance of 
fallacy in reasoning fills us with constant admiration and 
delight. 

Newton used seven names to describe the colors shown 
in a solar spectrum: red, orange, yellow, green, blue, 
indigo, violet, and an eighth name, purple, for the mixture 
of red and violet. The seven-term division and the name, 
indigo, have been dropped from modern usage, and we now 
divide the spectrum into six main groups of colors. New- 
ton inserted the indigo simply because a prism spreads a 
spectrum unequally in relation to wave-lengths, expanding 
the blue end and contracting the red. 

But Newton never intended that these eight names were 
to be taken as meaning that only eight different colors ex- 
isted. He stated the direct opposite several times, as in 
the following short and unmistakable quotation. In a 
letter dated about 1672,? he says, ‘‘Different colours, I call 
not only the more eminent species, red, yellow, green, blue, 
purple, but all other the minutest gradations.’’ The term 
“‘species’’ he used for our term “‘hue.”’ 

Newton observed that the ends of the spectrum showed 
signs of tending toward the same sort of hue, and he found 
by experiment that in mixture they did produce the purple 


range. Therefore, in order to have a diagrammatic repre- 


2 Printed in Opera Quae exstant Omnia, London, 1782, 
Vol. 4, page 346. 
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sentation of colors, he arranged them in a circle, the two 
ends of the spectrum joining for the purples. And as he 
knew that the mixture of the complementaries produced a 
sort of white, he placed white in the center of his circle, 
the complementaries being opposite one another. We 
have here the foundation upon which rests all future work. 
This circle gave all the hues in full solar spectrum inten- 
sity and diluted down to white. Reducing the circle in 
a set of steps of lowered illumination to black would thus 
give the complete range of colors. 


Newton's Color Terminology 

It is, however, necessary to realize that Newton was not 
engaged in setting up a classification and nomenclature of 
colors. He was engaged in discovering the very first ele- 
ments of the phenomena. Before him nothing had beer 
known. Men knew only that mixing the three pigment 
primaries, red, yellow, and blue, gave the intermediaries, 
orange, green, and violet; and their notions otherwise on 
colors were unrelated and erroneous. Newton, therefore, 
in recording and describing his discoveries, had no need of 
more than the eight names noted above. 

It is necessary, before leaving Newton, to emphasize 
another important point. The term ‘‘primaries’’ today is 
used with two meanings as applied to colors, the one as 
indicating the pigment primaries, red, yellow, and blue; 
the other, the optical primaries, red, green, and violet. 
But Newton used the term in a totally different way. 
By the term “primary’’ he meant what we today call 
“homogeneous” light. In fact, it was Newton himself who 
first used the term, ‘“‘homogeneous,”’ as indicating the color 
produced by a light-ray composed of only a few wave- 
lengths, with also the opposite term, ‘‘heterogeneous.”’ 
Newton used five different terms for homogeneous light, 
homogeneous, simple, original, uncompounded, 
and primary. He did this for emphasis, in order to convey 
a notion of something utterly new and strange. Anyone 
today who reads Newton’s works must never forget his 
special use of this term ‘‘primary”’ as indicating homogene- 
ity, or he will go badly astray, as so many writers have. 


namely: 


Mayer and Lambert 


The second step was taken by Johann Tobias Mayer, a 
German mathematician of the 18th Century, who de- 
veloped a triangular color system with red, yellow, and 
blue at the angles and orange, green, and purple on the 
sides in twelve gradations. Neutral gray was in the center 
of the triangle, and the hues were graded in four steps 
toward white and four toward black. 

Johann H. Lambert, a contemporary of Mayer, thought 
that as colors were darkened and lightened the number of 
discernible hues grew regularly less. Consequently he 
rearranged the four grading steps of Mayer’s triangles 
toward black and white in the form of pyramids with black 
and white at the apexes. He was wrong, for it is only 
when very near to black and white that the hues do actually 
become fewer in number. 

This is definitely proved in the Dictionary of Color.* In 
even the darkest plates in this book, it will be seen that the 
adjacent hues are different, and that their number is the 


3 A. Maerz and M. R. Paul, McGraw-Hill Book Co., 
Inc., New York, 1930. 
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same as in the pure, ungrayed hues. They are not so 
easily discernible at a glance, but in making accurate 
matches, it is found that the adjacent hues are different. 
Nevertheless, Lambert’s theory is universally believed 
today, and all the various systems have followed it. 


Runge’s Five Elements in Color 

The third step was made by Philipp Otto Runge, who 
published his system in Farbenkugel* in 1810. Runge 
had read Newton’s Opticks, but he was a professional 
painter and could not get away from the old conception 
of colors in terms of the so-called pigment primaries. He 
held that there were five ‘ in color, viz., white, 
black, red, yellow, and blue, from which all the other colors 
could be derived by proper mixture. He arranged all 
around the equator were 


‘elements”’ 


colors in the form of a sphere; 
the pure ‘“‘primary”’ colors, red, yellow, and blue, with their 
mixtures, orange, green, and violet, between. At one 
pole was white, at the other black, with neutral middle 
gray at the center. Runge understood that with the pig- 
ments of his day, it was impossible to obtain the mixed 
hues, orange, green, and violet, as pure and bright as his 
primaries red, yellow, and blue, but he believed that with 
absolutely pure pigments, which would some time be ob- 
tainable, absolutely pure mixed intermediate hues would 


result and that as a theory his ideas were correct. 


“Primary,” ‘‘Secondary,"’ and ‘‘Tertiary’’ Colors 

George Field, in the middle of the 19th Century, upset 
the orderly classifications developed by Mayer, Lambert, 
and Runge. He published the theory of primary, sec- 
ondary, and tertiary colors, respectively, red, yellow, and 
blue; orange, green, and violet; citrine, russet, and olive. 
His fourth order was black. Field had read Newton’s 
work, but like Runge and Goethe, he was unable to compre- 
hend the simple, beautifully clear exposition of Newton’s 
experiments, and he went back to the ancient belief that 
colors existed in a natural order of five primitives, white, 
yellow, red, blue, and black. He gave these colors ‘‘nu- 
merical powers,’’ whatever that means, and his works are 
absolutely meaningless, though they had an amazing 
popularity and are still in print. 


Tints, Shades, and Couplets 

D. R. Hay, a follower of Field, first established the use 
of the terms ‘‘tint’’ and “‘shade.”’ 

J. D. Forbes in 1849 divided the spectrum and purples 
into twenty-four steps (Newton’s six hues with three inter- 
mediate steps between each pair). These were named 
red, red-orange, orange, yellow-orange, yellow, and so 
In between each of these, the names were 
Succeeding 


on back to red. 
orangish-red, reddish-orange, 
writers, without acknowledging Forbes, set up similar sys- 
tems of couplet names resulting in the bewildering variety 


and so on. 


now in use. 


Chevreul’s Color System 

In 1864, Chevreul’s color system appeared. He ar- 
ranged his colors in the form of a half-sphere. On the 
plane of the equator, in the center was white; some dis- 
tance out were the pure hues; and the colors then con- 
tinued out on the same plane darkening to black at the 


4 Reprinted in his collected works, ‘‘Hinterlassene Schrif- 
ten,’”’ Vol. 1, pp. 112-28 (1840). 
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outer circumference. This half-sphere was not to be cut 
into slices, so to speak, as were all other solid geometrical 
color diagrams, but the indicating radii all ran to the center 
of the sphere, giving an incredibly complicated system. 
These upper radii or quadrantral slices added increments 
of gray to the whole range of a hue from white to black 
in increasing amounts up to black at the pole of the half- 
sphere, the axis therefore being a range of neutral gray 
from black to white. The system is very difficult to hold 
in the mind, and even if one succeeds in forming a correct 
imaginary picture of it, it very easily and quickly jumps 
away again. In his books, of course, such a solid could 
not be represented, and the color plates show first a series 
of the circles and then a series of the single hues with 
gradations to white and to black. 

This system, although it never came into use, has in- 
fluenced all succeeding systematizers except Ostwald. 


Other European Workers 

Otto Radde, in Hamburg in 1877, and Klincksieck and 
Valette, in Paris in 1900, reproduced parts of Chevreul’s 
work. Radde was the first to realize that there is a greater 
range of hues in the yellow and blue-green than in the 
other parts of the spectrum. The work of Oberthtir and 
Dauthenay of France followed in 1905. 


Prang and Milton Bradley in the Schools 

In the United States in 1890, Prang and Milton Bradley 
Seven years later 
In this 


began color education in the schools. 
the Prang Standard of Colors was published. 
book of color samples, the scale of hues had 24 steps, indi- 
cated by initials as follows, R, RRO, RO, ORO, O, and 
so on regularly. This was fine, but the following method 
was used: To designate broken or grayed colors, a small 
x over the numbers 1, 2, 3, 4, 5, and 6 was placed before 
the initial to indicate the series of grayed colors. To desig- 
nate tints, a small capital L was placed over the numbers 
1, 2,3, etc., after the initial. To designate small variations 
of hue, an exclamation mark (!) was placed either after 
or before the initial to indicate change toward the red or 
blue end, respectively. To designate a lighter or deeper 
color, a plus or minus mark was placed after the initial. 
To designate a darker or less dark color, a small capital 
D was placed after or a small capital L was placed before the 
initial. By this notation, we should therefore arrive at 
such symbols as the following in which the two capital 
L’s mean different things: 
L!I5RRO5+ 

Ross’ and Ridgway's Modifications 

D. W. Ross devised a system following the Chevreul 
list for the names of hues. This replaced the complex 
system in the Prang books. 

Robert Ridgway in 1912 repeated Chevreul’s hue scales 
but showed only seven color steps between black and 
white instead of twenty and used only half of Chevreul’s 
seventy-two hues. 

As in Chevreul’s original work, this system is confusing 
and does not show a proper relationship of the colors ex- 
hibited. Ridgway’s terminology was even worse. His 
steps toward white were termed 3, d, f, but his steps toward 
black, in the opposite direction, 7, k, m, instead of Chev- 
reul’s regular system 0 to 21 from white to black. His 
series with increasing increments of gray were to be desig- 
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nated by from one to five apostrophes at the right of the 
initials. Ridgway attempted to show his hues dividing 
the spectrum regularly in equal sensation steps, but in 
practice, the result was far from successful. 


Munsell's Color System 

A. H. Munsell, in 1915, issued his Atlas of the Munsell 
Color System, combining features of Chevreul with the 
Runge system. Instead of being a perfect sphere, the 
outer boundary is irregular, because the lighter colors 
are nearer the center than the darker ones. The spectrum 
range is divided into 100 steps of hues, and as 100 is not 
a multiple of six, the six main Newtonian color groups 
could not be used, so the term, orange, is dropped out and 
is called yellow-red. Twenty of the hues are given initial 
designations: R, R-YR, YR, YR-Y, Y, and so on regu- 
larly. Munsell follows Chevreul in giving the intermediate 
sub-steps numbers; there are ten principal and intermedi- 
ate hues, R, YR, Y, GY, G, BG, B, PB, P, and RP. Each 
of these groups has ten numbers, but the stated hues fall 
on the number 5, the number 10 being given a combination 
couplet initial, like R-YR. 

This terminology is complicated and does not permit 
an adjustment to an equal-sensation scale of hues. 


Ostwald’s Four Fundamental Hues 

Wilhelm Ostwald in 1918 published a system derived 
from Runge, except that a double cone was used with pure 
colors around the equator and white and black at the two 
points. Thus each separate hue is represented by a tri- 
angle, color at one angle, grading to white and black at 
Ostwald selects four fundamental hues, yel- 
Between these are the four 


the others. 
low, red, blue, and green. 
intermediates, there being eight in all, which he names: 
yellow, orange, red, purple, ultramarine, turquoise, sea- 
green, and leaf-green. Each of these has three sub-steps, 
and the whole range is numbered from 1 to 24, but he be- 
His ‘‘contents of white 


gins number 1 with the yellow. 
“a” on, thus 


and black”’ are designated by letters from ‘‘a 
“Sng’’ would be a dark, dull, middle red. His terminology 
is very confusing, as letters do not have much numerical 
And Ostwald also makes that 
He originally 


indication for most people. 
incredible error of calling violet, ‘‘purple.”’ 
divided his chromatic circle into 100 steps, as did Munsell, 
but later abandoned this number as not being a multiple 
of what he believed were the fundamental groups. 

It is thus apparent that our present notions have come 
down to us through very few steps, which were closely 
connected, and that from the first discoveries of correct 
relationship, very little, if anything, has been added. 
Since the days of Newton, Mayer, and Runge one could 
say that no progress has been made. 


Systematizing the Use of Color Names 

In the writer’s opinion, none of the above systems has 
come into general acceptance because people prefer names 
for colors rather than arbitrary terminology. Whether in 
industry or science, names are most often used to indicate 
In the Dictionary of Color,’ about 4000 names have 
To systematize the use of these names 


colors. 
been collected. 
is the present problem. 

The common names, red, orange, yellow, and so on, 
are so general as to be practically meaningless, and the 
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couplets, such as blue-green, green-blue, and so forth, have 
meanings that are too wide. This list should be abandoned 
for one which presents the hues of the spectrum in con- 
veniently small step differences. 

It is proposed to break up the whole range of hues into 
actually different groups, and to give distinctive names to 
these groups. These groups should show equal changes of 
hue. The names of the groups are to indicate a small 
group of closely related colors of a well-recognized kind. 
Each name would have a leeway of application absolutely 
essential in industry as well as in general usage. AI- 
though the writer does not advocate the abandonment of 
specific names or doing away with the use of the old general 
terms, where only a loose reference is needed, he feels that 
if such a list of names as described above were adopted 
and really used most color troubles would vanish. 


Maerz’ Eighteen-Step Chromatic Circle 

Using the curve published by Nutting,® the writer has 
divided the chromatic circle into eighteen steps. For 
this series of steps, a list of names was selected. The ini- 
tials of the old general terms, red, yellow, green, blue, and 
Neither were initials of any of the 
Names well known and in 
Such names as 


purple were not used. 
chosen names duplicated. 
general and correct use were also desired. 
“turquoise,” for example, were available. 

A few hues, the red at the end of the spectrum, greenish- 
yellow, the two steps between the latter and emerald, 
and the next bluer green beyond emerald, had never been 
given names. For these and all the others without ap- 
propriate names, simple, pleasant sounding names (not 
couplets and not technical) had to be chosen. Asa result 
of much work, the following names were selected, each of 
them indicating a small tolerance of hue. After each is 
given its reference in the Dictionary of Color, showing the 
approximate middle hue of the small tolerance. 

The hue circle is divided thus: 


REFERENCE REFERENCE 


Hur NAME Hur NAME 
oF COLOR oF COLOR 
Crimson (1 F 6) Emerald (25 E 12) 
Magenta (41 L2 Dragon (17 L 11) 
Amaranth (41 L 7) Zanadu (17 L'8) 
Violet (41 L 10) Hyperion (17 L 4) 
Quirinal (41 K 12 Lemon (9 L 3) 
Ultramarine (41 C 12 Orangepeel (9 L 9) 
Kobalt (33 L 11) Flame (iC 2) 
Turquoise (33 L 2 Scarlet (1 K 12) 
Juniper (25-138) Noel (1 L 6) 


It should be remembered that the general terms are not 
Referring to the hue, 
“emerald green.’” 


to be added after these names. 
emerald, it must be called ‘“‘emerald”’ not 


International Color Council 

Color standardization should be international, just as in 
In this field of science and industry a century 
Today, as the result of an in- 


acoustics. 
ago there was confusion. 
ternational standard, order reigns. 

The establishment of an International Color Council, 
to develop and give world-wide publicity to a standard 
nomenclature, is a movement toward this purpose. To 


5P. G. Nutting, U. S. Bur. Stand. Bull., Vol. 6, No. 1 
(1909). 
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attain any real life, however, this action must be industrial 
in scope, rather than purely technical. 

The writer requests that the American Ceramic Society, 
as representing an industry which is an important user of 
color names, appoint a Committee on Color Standards, 
which shall take care of its special interests in the interna- 


tional body. The project is not one that can or should be 


completed off-hand, as there are many problems to be 
dealt with, and the standardization should be as perfect 
as human ingenuity can make it. Organization details 
are matters for such a committee, and I would ask that 
its Chairman communicate with me at Ridgewood, N. J 


AMERICAN COLOR RESEARCH LABORATORY 
RipGeEwoop, N. J. 


PYROPHYLLITE IN SAN DIEGO COUNTY, CALIFORNIA * 


By L. M. RicHarp 


An interesting geological formation has been lo- 
cated in which is developed enormous bodies of a 
claylike substance identified as pyrophyllite. ! 

The body of clay is best seen in an escarpment 
along the San Dieguito River where it comprises 
the principal part of a series of steep bluffs. 
Because of its nonplastic properties and chemical 
composition, it has resisted erosion and it out- 
crops naturally. 

Due to the boldness of the outcrop, it received 
some attention by a German prospector years 
ago, but it has been only a comparatively short 
time that its true mineral character has been 
known and its physical properties investigated. 

It has about the same hardness as typical Mis- 
souri flint clay, but, on fine grinding, it develops 
sufficient plasticity to enable it to be made into 
pressed shapes by machine. Unlike flint clay 
it does not crumble down on weathering and it is 
not similarly brittle. A typical chemical compo- 
sition shows it to be a silicate of alumina but with 
some properties not ordinarily found in clays of 
this region, particularly, the uniformity of chemi- 
cal composition. 


CHEMICAL ANALYSIS 


SiO, 66.80 TiO, 0.02 
Al,O; 28.20 MnO. 0.04 
Fe,O; 0.10 S 0.06 
MgO Tr. H.0 5.00 
CaO Tr. Na.O 0.05 
K,0 Tr. 

100.27 


* Presented at the Annual Meeting, American Ceramic 
Society, Buffalo, N. Y., February, 1935 (White Wares 
Division). Received January 2, 1935. 

1 The formation is located 30 miles northeast of San 
Diego and 8 miles east of Solano Beach; the largest de- 
posit occurs in Section 23, the east half, township 135, 
R3w. 


The material examined has an eminent basal 
cleavage, flexible laminae, and a greasy feel. The 
color is white to cream and it is subtransparent to 
opaque. 

Petrographic examination that, 
cluded in the masses, were clearer portions which 
might go under the name of agalmatolite. A few 
quartz grains were distinguishable and a small 
amount of iron oxide. 


showed in- 


Consists of fibrous pyrophyllite 
and a white colloid substance 

At 40-mesh, fair; at 80-mesh, 
good 

14.3 

9 9 


Mechanical analysis 
Working properties 
Water of plasticity (%) 


Dry shrinkage (%) 2.2 
Does not slake down in water 


Slaking 

Odor Argillaceous 

Hardness 1-2 

Drying properties Dries fast; no warping 
Specific gravity 2.9 


Tensile strength 148-160 Ib. 


Sample bars were made up and fired at four 
different temperatures. 


Shrink- Absorp- 

Cone Color age (%) tion (%) 
3 White O.1 18.5 29-33 
6 18.4 

O:2 17.6 
to cream 231 16.7 


The material is unique in the light of the geo- 
logical occurrence and the abundance of the avail- 
able material (which can be quarried in open pits), 
together with the information gained by the tests 
made. It has remarkably pure chemical com- 
position and its behavior under heat denotes 
qualities much sought after in the refractories 
industry. 


CONSULTING GEOLOGIST 
RANCHO SANTE FE, Box 10 
CALIFORNIA 
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1936 ANNUAL MEETING 


American Ceramic Society 
COLUMBUS, OHIO 
March 29 to April 4 


SCHEDULE OF MEETING PLACES 


| FRi- 


| SATUR- 
|SATURDAY SUNDAY MonDAY TUESDAY WEDNESDAY | THURSDAY| DAY DAY 
Mar. 28 Mar. 29 Mar. 30 Mar. 31 APR. 1 Apr. 2 |ApR.3 APR. 4 
ALL Day | Att Day | Nicut | ALL Day | Nicut | Att Day | Nicut | ALL Day ; Nicnt | ALL Day 
Wallick 
Suite preg | | Wallick | | Wallick | Wallick | 
- > Suite | Suite Sui i 
= | uite | Suite | Suite 
Committees A.B.C.| | | 
Art Division = | Neil | Neil Zanesville 
Blue | Blue 38 Roseville 
Enamel Division = | Deshler | | Deshler | 
Glass Division | | Nel | & Neil | 
| Ball | Ball | Newark 
Equipment | Y = | 
| L | | 28] | 
Refractories = | Deshler) Deshler | 
& ‘s | Ball | Ball = | 
Structural Clay = Neil 5 Neil 5 5 5 
| = Red Red 6 | New Lexing- 
Terra Cotta | Neil | Neil | | Ags New 
a | Garden |Garden| § | 3 Straitsville 
White Wares Neil | § Neil & | 858 | Zanesville 
Jr. Ball r. Ball | Crooksville 
| 
Registration Deshler Assembly Room 
Publicity and Room 21 Deshler - 


Editorial 


EXECUTIVE COMMITTEE 


George A. Bole, Manager, Edward Orton, Jr., Ceramic 
Foundation, 1445 Summit St., Columbus, Ohio. 

Clyde E. Williams, Battelle Memorial Institute, Columbus, 
Ohio. 

C. Forrest Tefft, P. O. Box 866, Columbus, Ohio. 

Earl Crooks, Crooksville China Co., Crooksville, Ohio. 

Frank Ransbottom, Robinson-Ransbottom Pottery Co., Rose- 
ville, Ohio. 

Arthur S. Watts, Lord Hall, Ohio State Univ., Columbus, 
Ohio. 


COMMITTEE CHAIRMEN 


Meeting Service: John D. Sullivan, Battelle Memorial In- 
Stitute. 

Entertainment: Ross C. Purdy, 2525 N. High St. 

Ladies’ Entertainment: Mrs. Ellsworth P. Ogden, 1957 Chel- 
sea Road. 

Plant Trips: J. L. Carruthers, Lord Hall, Ohio State Univ. 

Publicity: Clyde E. Williams, Battelle Memorial Institute. 

Exhibits: Arthur S. Watts, Lord Hall, Ohio State Univ. 


Finances: C. Forrest Tefft, P. O. Box 866. 
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WATCH 
THIS SPACE 


FOR 


IMPORTANT 
ANNOUNCEMENT 


SIMPLEX EQUIPMENT CREATES REPEAT ORDERS AND RETAINS PRESTIGE 


SIMPLEX 


ENGINEERING COMPANY 


WASHINGTON TRUST BLDG. WASHINGTON, PENNA., U.S. A. 
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Product Finish Insurance 


HERE is satisfaction in knowing that 
the frit you buy is of the finest qual- 
ity and thet the service is dependable. 


There is greater satisfaction in know- 
ing that the frit is uméformly fine and thet 
the service is consistently dependable. 


When you buy Lusterlite Frit you buy 
product finish insurance. 


CHICAGO VITREOUS ENAMEL 
PRODUCT CO. 
CICERO ILLINOIS 


LUSTERLITE 


VA, 
\ENAMELS | 


CLAYS 


English China and Ball 


for 
HEATING ELEMENTS 
CERAMIC BODIES 
SAGGER USES 


—- 


Ceramic Specialties Include 


Whiting : Paris White : Magnesite 
Cornwall Stone : Barium Carbonate 
Zinc Oxide : Enameling Clays : Etc. 


HAMMILL G GILLESPIE, INC. 


Importers since 1848 
225 Broadway New York 
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OF PREVIOUSLY 
Te REFRACTORY 


MONTHS 


HIS “Carbofrax” muffle and sup- 

ports were installed in a porcelain 
enameling furnace two years ago and 
are in fit condition today. 

For two years the “Carbofrax” 
equipped furnace has been produc- 
ing highest quality of ware at mini- 
mum costs. The refractories used 
previously had a useful life of but 
six months. 

“Carbofrax,” the Carborundum 
Brand Silicon Carbide Refractory, is 
one of the great essentials in the 
maximum production of enamel ware 
at a low cost per unit. 


“CARBOFRAX” 


The Carborundum Brand Silicon Carbide Refractory 


HEARTHS - TILE - MUFFLES 
BRICK - CEMENTS 


A Product of 


THE CARBORUNDUM COMPANY | 


Refractory Division, Perth Amboy, N. J. 


District Sales Branches: Boston, Chicago, Cleveland, Detroit, Philadelphia, Pittsburgh. Agents: L. F. McConnell, Birmingham, Ala.; Christy Firebrick 
Company, St. Louis; Harrison & Company, Salt Lake City, | tah; Pacifie Abrasive Supply Co., Los Angeles, San Francisco, Seattle ; Denver Fireclay Co., EI Paso, 
Texas: Williams and Wilson, Ltd., Montreal-Toronto, Canada. (Carborundum and Carbofrax are registered trade-marks of The Carborundum Company.) 


ul ¢ ARBOFR 
=2 
| 
. 


Bulletin of the 


BORAX Pue = BORIC ACID 


Select the Brand which has back of it years of successful use 
by experienced Ceramists 


Pacific Coast Borax Co., New York 


Chicago Los Angeles 


BACK NUMBERS 


JOURNAL OF AMERICAN CERAMIC SOCIETY 
AND ALL IMPORTANT MAGAZINES FROM THE WORLD OVER 


We furnish single copies, volumes and sets or photostat reproductions of specific 
sections, reasonably and promptly 


WRITE, PHONE OR WIRE PERIODICALS DEPARTMENT 


THE H. W. WILSON COMPANY 950 University Avenue, New York 


Ceramic Headquarters 
For 1936 


The Deshler-Wallick Hotel, internationally known as America’s 
most beautifully equipped hotel, has been chosen as general head- 


quarters for the 1936 American Ceramic Society Meeting. 


The management takes great pleasure, at this early date, in ex- 


tending you the full facilities of this magnificent hotel. 


1000 Rooms 1000 Baths 


DESHLER-WALLICK 


Columbus Ohio 
L. C. Wallick, Pres. Jas. H. Michos, Res. Mgr. 
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Abrasives (Alundum-Crystolon) 
Carborundum Co 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel] Corp. 
Norton Co. 
Air Conditioning Systems 
Simplex Eng. Co. 
Aloxite (Refractory Products) 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
Alumina (Hydrate and Calcined) 
Ceramic Color & — Mfg. Co. 
Drakenfeld & Co., F. 
The Hommel Co., ‘on Inc. 
Jungmann & Co., Inc. 
‘The Roessler & Hasslacher Chemical! Co. 
The Vitro Mfg. Co. 
Aluminum Oxide (Fused) 
Carborundum Co. 
The Exolon Co. 
The Hommel Co., O., Inc. 
Norton Co. 
The Vitro Mfg. Co. 
Alundum (Refractory Products) 
Norton Co. 
Ammonium Bicarbonate 
Solvay Sales Corp. 
Ammonium Bifiuoride 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
Jungmann & Co., Inc. 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co 
Ammonium Carbonate 
Ceramic Color & . + Mfg. Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
The Roessler & Hasslacher Chemical Co. 
Antimony Oxide 
Ceramic Color & a Mfg. Co. 
Drakenfeld & Co., B. F 
The Hommel Co., O., Inc. 
The Roessler & Hassiacher Chemical Co. 
The Vitro Mfg. 
Arches (nterlocking, rr and Circu- 


Simplex Eng. Co. 


Ball Mills 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
McDanel Refractory Porcelain Co. 
The Vitro Mfg. Co. 
Ball Mills (Laboratory Type) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Barium Carbonate 
Ceramic Color & . Mfg. Co. 
Drakenfeld & Co., B. F. 
Hammill & ee Inc. 
The Hommel Co., O., Inc. 
The Roessler & ae Chemical Co. 
The Vitro Mfg. Co 
Batch Systems 
Simplex Eng. Co. 
Simpson Foundry & Eng. Co. 
Batts 
Carborundum Co. (‘‘Carbofrax Alozite’’) 
Denver Fire Clay Co. 
Norton Co. (Alundum Crystolon) 
Bitstone 
Consolidated Feldspar Corp. 
Potters Supply Co. 
Blocks (Refractory) 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Norton Co. 
Pittsburgh Plate Glass Co. 
The Vitro Mfg. Co. 
Borax 
American Potash & Chemical Co. 
Denver Fire Clay Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
Pacific Coast Borax Co. 
The Roessler & Hasslacher Chemical Co, 
The Vitro Mfg. Co. 
Borax Glass 
American Potash and Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
Pacific Coast Borax Co. 
The Roessler & Hasslacher Chemical Co, 
The Vitro Mfg. Co. 


Boric Acid (Anhydrous) 
Denver Fire Clay Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc, 
Pacific Coast Borax Co. 
The Vitro Mfg. Co. 

Boric Acid (Crystal, Granular, or Powder) 
American Potash & Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 

Drakenfeld & Co., B. F. 

The Hommel Co., O., Inc. 

Pacific Coast Borax Co. 

The Roessler & Hasslacher Chemica! Co. 
The Vitro Mfg. Co. 

Boron Carbide 
Norton Co. 

Brick (Refractory) 

Carborundum Co. (‘‘Carbofrax Aloxite’’) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co, 

Norton Co. 

The Vitro Mfg. Co. 


Carbofrax (Refractory Products) 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
Carbolon (Refractory Products) 
The Exolon Co. 
Carbonates (Barium, Lead) 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co. 
Castings (Abrasive Resisting) 
Bethlehem Steel Corp. 
Castings for Molds and Plungers 
Simpson Foundry & Eng. Co. 
Caustic Potash 
Solvay Sales Corp. 
Caustic Soda 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
The Hommel Co., O., Inc. 
Pittsburgh Plate Glass Co. 
The Roessler & Hasslacher Chemical Co. 
Solvay Sales Corp. 
The Vitro Mfg. Co. 
Cements 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
Norton Co. 
Pittsburgh Plate Glass Co. 
Ceramic Chemicals 
Ceramic Color & se Mfg. Co. 
Drakenfeld & Co., B. 
The Hommel Co., O., 
Jungmann & Co., Inc. 
Metal & Thermit Corp. 
The Roessler & Hasslacher Chemical Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Chromium Oxide 
Ceramic Color & vee Mfg. Co. 
Drakenfeld & Co., B. F. 
Ferro Enamel Corp. 
The Hommel Co., O., Inc. 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co. 
Clay (Ball) 
Ceramic Color & Chemical Mfg. Co. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc 
Kentucky-Tennessee Clay Co. 
Paper Makers Importing Co. 
Potters Supply Co. 
The Roessler & —o Chemical Co. 
Spinks Clay Co., H. C 
The Vitro Mfg. Co. 
Clay (China) 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Edgar Brothers Co. 
Hammill & Gillespie, 
The Hommel Co., O., 
Paper Makers “Co. 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co. 
Clay (Electrical, Porcelain) 
Ceramic Color & Chemical Mfg. Co. 
Edgar Brothers Co. 
Hammill & Gillespie, Inc. 
Kentucky-Tenneysee Clay Co. 
Spinks Clay Co., H. C. 
Clay (Enamel) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Edgar Brothers Co. 
Ferro Enamel Corp. i 
Hammill & Gillespie, Inc. 


The Hommel Co., O., Inc. 
Kentucky-Tennessee Clay Co. 
Metal & Thermit Corp. 
Paper Makers Importing Co. 
Porcelain Enamel & Mfg. Co. 
The Roessler & Hasslacher Chemical Co 
Spinks Clay Co., H. C. 
Titanium Alloy “Mfg. Co. 
The Vitro Mfg. Co 
Clay (Fire) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Edgar Brothers Co. 
Kentucky-Tennessee Clay Co, 
Paper Makers Importing Co. 
Pittsburgh Plate Glass Co. 
Potters Supply Co. 
Clay (German Vallendar) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Corp. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Jungmann & Co., Inc. 
Porcelain Enamel & Mfg. Co. 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co. 
Clay Miners 
Edgar Brothers Co. 
Kentucky-Tennessee Clay Co. 
Paper Makers nn Co. 
Spinks Clay Co., aa 
Clay (Potters) 
Denver Fire Clay Co. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
Spinks Clay Co., H. C. 
Clay (Process Equipment) 
Bonnot Co 
Clay (Sagger) 
Edgar Brothers Co. 
The Hommel Co., O., Inc. 
Kentucky-Tennessee Clay Co. 
Paper Makers Importing Co. 
Pittsburgh Plate Glass Co. 
Potters Supply Co. 
Spinks Clay Co., H. C. 
Clay (Wad) 
Kentucky-Tennessee Clay Co. 
Potters Supply Co. 
Spinks Clay Co., H.C. 
Clay (Wall Tile) 
Hammill & Gillespie, Inc. 
Kentucky-Tennessee Clay Co. 
Paper Makers Importing Co. 
Spinks Clay Co., H. C. 
Clocks (Gauge Board) 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel! Corp. 
The Hommel Co., O., Inc. 
Cobalt Oxide 
Ceramic Color & Sat Mfg. Co. 
Drakenfeld & Co., B. F. 
Ferro Enamel Corp. 
The Hommel Co., O., Inc. 
Jungmann & Co., Inc. 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co. 
Colors 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F 
Ferro Enamel Corp. 
The Hommel Co., O., Inc. 
Pittsburgh Plate Glass Co. 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co. 
Cones 
The Edward Orton, Jr., Ceramic Founda- 
tion 
Conveying Equipment 
Simplex Eng. Co. 
Simpson Foundry & Eng. Co. 
Cornwall Stone (Imported) 
Consolidated F 1 Corp. 
Drakenfeld & Co., F. 
Hammill & 
The Hommel Co., O., 
Paper Makers “Co. 
The Roessler & Hasslacher Chemical Co. 
Crucibles (Filter, Melting, Ignition) 
Denver Fire Clay Co. 
Norton Co. 
Pittsburgh Plate — Co. 
Potters Supply 
Crystolon Products) 
Norton 
Cullet, Washing Plants, Incinerators, Crushers 
Simplex Eng. Co 
Simpson Foundry & Eng. Co. 
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Decorating Supplies 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
Pittsburgh Plate Glass Co. 


The Roessler & Hasslacher Chemical Co. 


The Vitro Mfg. Co 
Drying Machinery 


Ferro Enamel! Corp. 


Enameling Equipment (Complete) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Corp. 

The Hommel Co., O., Inc. 
Porcelain Enamel! & Mfg. Co. 

Enameling Furnaces 
Carborundum Co. (Carboradiant) 
Ceramic Color & Chemical Mfg. Co 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Corp. 
The Hommel Co., O., 
Norton Co. 
Porcelain Enamel & Mfg. Co. 

Enameling Iron (Sheet) 

American Rolling Mill Co. 

Enameling Muffies 
Carborundum Co. (Carbofrax) 

Chicago Vitreous Enamel Product Co. 
Ferro Enamel Corp. 

Norton Co. (Alundum) 

Pittsburgh Plate Glass Co. 

Enameling (Practical Service) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Corp. 

The Hommel Co., O., Inc. 

Metal & Thermit Corp. 

Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 

Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc 
Metal & Thermit Corp. 

Pittsburgh Plate Glass Co. 


Inc. 


The Roessler & Hasslacher Chemical Co. 


The Vitro Mfg. Co. 

Enamels (Porcelain) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Corp. 

The Hommel Co., O., Inc. 

Metal & Thermit Corp. 

Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 

Equipment (Porcelain Enameling) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Corp. 

The Hommel Co., O., Inc. 
Porcelain Enamel & Mfg. Co. 

Exolon (Refractory Products) 

Ferro Enamel Corp. 
The Exolon Co. 


Feldspar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Ferro Enamel Corp. 
The Hommel Co., O., Inc. 
Paper Makers Importing 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co. 
Finishing Tools 
Simpson Foundry & Eng. Co. 
Fire Brick 
Carborundum Co. 
Denver Fire Clay Co. 
Ferro Enamel Corp. 
Norton Co. 
Fire-Polishing Machines 
Simpson Foundry & Eng. Co. 


t 

Ceramic Color & Chemical Mfg. Co. 

Consolidated Feldspar Corp. 

The Hommel Co., O., Inc. 

Paper Makers Importing Co. 

The Roessler & Hasslacher Chemical Co. 
Flint Pebbles 

Chicago Vitreous Enamel! Product Co. 

Consolidated Feldspar Corp. 

Ferro Enamel! Corp. 

The Hommel Co., O., 
Floors (Non-Slip) 

Norton Co. 
French Flint 

Consolidated Feldspar Corp. 

Paper Makers Importing Co. 


Inc. 


Frit 
Allied Engineering Co 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Corp. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 

Fuel Oil Systems and Control, Stokers 
Simplex Eng. Co. 

Furnaces 
Allied Engineering Co. 
Carborundum Co. (Carboradiant) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Ferro Enamel Corp. 
The Hommel Co., O., Inc. 
Porcelain Enamel & Mfg. Co. 


Glass Bending Ovens, Glass Decorating Ma- 
chines 
Simplex Eng. Co. 
Glass Equipment 
Hartford-Empire Co. 
Simpson Foundry & Eng. Co. 
Glass Melting Tanks and Furnaces 
Simplex Eng. Co. 
Glass Thickness Gauge 
Bausch & Lomb Optical Co. 
Glaze and Body Spar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Ferro Enamel Corp. 
The Hommel Co, O., Inc. 
Paper Makers Importing Co. 
The Roessler & Hasslacher Chemical Co. 
Glazes and Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F 
Ferro Enamel Corp. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
Porcelain Enamel & Mfg. Co. 
The Roessler & Chemical Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Glaze Spar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Roessler & Hasslacher Chemical Co. 
Goggles 
Willson Products, Inc. 
Gold 


Ceramic Color & Ceeioal Mfg. Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co. 

Grinding Mills 
Simpson Foundry & Eng. Co. 

Grinding Wheels 
Norton Co. (Alundum Crystolon) 


Hearths 
Carborundum Co. 
(Carbofrax heat treating) 
Norton Co. (Crystolon) 

Hearths (High Aluminous Clay, Electrically 
Sintered Aluminum Oxide, Silicon 
Carbide) 

Carborundum Co. 
Norton Co. 


Iron (Enameling) 
American Rolling Mill Co. 
Iron Oxide 
Ceramic Color & rates Mfg. Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., 8 Inc. 
The Vitro Mfg. Co. 


Kaolin 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Edgar Brothers Co. 
Hammill & Gillespie, Inc. 
a Hommel Co., O., Inc. 
per Makers Importing Co. 
Kettles ‘a All Kinds 
Simpson Foundry & Eng. Co. 
Kilns, China (Decorating) 
Allied Engineering Co. 
Denver Fire Clay Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
Kryolith 
Ceramic Color & Chemical Mfg. Co. 


The Hommel Co., O., Inc. 

Jungmann & Co., Inc. 

The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co 


Ladles (Cast-iron) 

Simpson Foundry & Eng. Co. 

Leeds (High Aluminous Clay, Electrically 
Sintered Aluminum Orxide, Silicon 
Carbide) 

Co. 


TO Foundry & Eng. Co. 
Lehrs (Electric or Fuel Heated) 
Simplex Eng. Co. 
Lehr Loaders 
Simpson Foundry & Eng. Co. 
Linings (Furnace Refractory, Block Refrac- 
tory Plate, Brick and Tile) 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Norton Co. 
Pittsburgh Plate Glass Co. 
The Vitro Mfg. Co. 


Magnesia (Sintered, Calcined) 
Drakenfeld & Co., B. F. 
The Exolon Co. 
The Hommel Co., O., Inc. 
Jungmann & Co., Inc. 
Norton Co. 
Magnesite 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Manganese 
Ceramic Color & et Mfg. Co. 
Drakenfeld & Co., B, F. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co. 
Manganese (Oxide) 
The Roessler & Hasslacher Chemical Co. 
Masks (Breathing) 
Willson Products, Inc. 
Metals (Porcelain Enameling) 
American Rolling Mill Co. 
Microscopes (Polarizing) 
Bausch & Lomb Optical Co. 
Minerals 
Ceramic Color & Mfg. Co. 
Drakenfeld & Co., B. 
The Hommel Co., O., a 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co. 
Muffies (Furnace) 
Allied Engineering Co. 
Carborundum Co. (Carbofrax) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Ferro Enamel Corp. 
Norton Co. 
Pittsburgh Plate Glass Co. 
Mullite (Artificial) 
The Exolon Co. 
Muriatic Acid 
Denver Fire Clay Co. 
The Hommel Co., O., Inc. 


Nitrates (Cobalt, Sodium) 
Ceramic Color & a a Mfg. Co. 
Drakenfeld & Co., 
The Hommel Co., 
The Roessler & Hasslacher Chemical Co. 
The Vitro Mfg. Co. 
Norbide (Norton Boron Carbide) 
Norton Co. 
Olivine 
The Roessler & Hasslacher Chemical Co. 
Opacifiers 
Ceramic Color & Chemical Mfg. Co. 
The Hommel Co., O., Inc. 
Jungmann & Co., Inc. 
Metal & Thermit Corp. 
Porcelain Enamel & Mfg. Co. 
The Roessler & Hasslacher Chemical Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Oxides 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F 
Ferro Enamel Corp. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
Porcelain Enamel & Mfg. Co. 
The Roessler & Hasslacher Chemical Co. 
Titanium Alloy Mfg. Co 
The Vitro Mfg. Coa 


‘ 

= 


BUYERS’ GUIDE—A merican Ceramic 


Society 


Pins 
Chicago Vitreous Enamel! Product Co. 
Ferro Enamel Corp. 
Potters Supply Co. 
Polariscope 
Bausch & Lomb Optical Co. 
Simpson Foundry & Eng. Co. 
Porcelain Enameling Service (Practical) 
American Rolling Mill Co. 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel! Product Co. 
Ferro Enamel! Corp. 
The Hommel Co., O., Inc. 
Jungmann & Co., Inc. 
Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Porcelain Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel! Corp. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
Porcelain Enamel & Mfg. Co. 
The Roessler & Hasslacher Chemical Co 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Potash (Carbonate) 
Ceramic Color & Chemical Mfg. Co. 
The Hommel Co., O., Inc. 
Jungmann & Co., Inc. 


The Roessler & Hasslacher Chemical Co. 


Solvay Sales Corp. 
The Vitro Mfg. Co. 
Pot-setting Tools 
Simpson Foundry & Eng. Co. 
Presses, Side-lever and Bench 
Simpson Foundry & Eng. Co. 
Producer Glass Plants 
Simplex Eng. Co. 
Pyrometer Tubes (Refractory and Hard 
Porcelain) 
Denver Fire Clay Co. 
McDanel Refractory Porcelain Co. 
Norton Co 
Pyrometric Cones 
The Edward Orton, Jr., Ceramic Founda- 
tion 


Raw Material Handling Equipment 

Simpson Foundry & Eng. Co. 
Refractometers 

Bausch & Lomb Optical Co. 
Refractories 

Carborundum Co. 

Denver Fire Clay Co. 

The Exolon Co. 

Norton Co. 

Pittsburgh Plate Glass Co. 
Refractory Materials 

Carborundum Co 

Chicago Vitreous Enamel Product Co. 

Denver Fire Clay Co 

The Exolon Co. 

Kentucky-Tennessee Clay Co. 

Norton Co. 

Pittsburgh Plate Glass Co. 

Titanium Alloy Mfg. Co. 
Respirators 

Willson Products, Inc. 
Rutile 

Ceramic Color & Mfg. Co. 

Drakenfeld & Co., 

The Hommel Co., 6. Inc. 

Metal & Thermit. Corp. 

The Roessler & Hasslacher Chemical Co. 

Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 


Saggers 
Carborundum Co. 
Norton Co. 
Potters Supply Co. 


Salt Cake 
American Potash & Chemical Co. 
Saponin 
Jungmann & Co., Inc. 
Selenite of Sodium 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Selenium 
Ceramic Color & sa Mfg. Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 


The Roessler & Hasslacher Chemical Co. 


The Vitro Mfg. Co. 
Sheets (Enameling Iron) 

American Rolling Mill Co. 
Silica (Fused) 

The Exolon Co. 

The Hommel Co., O., Inc. 
Silicate of Soda 

Ceramic Coior & Chemical Mfg. Co. 

Denver Fire Clay Co. 

The Hommel Co., O., Inc. 

Philadelphia Quartz Co. 
Silicon Carbide 

Carborundum Co. 

The Exolon Co. 

Norton Co. 
Silicon Carbide Firesand 

Carborundum Co. 

The Exolon Co. 
Sillimanite (Synthetic) 

The Exolon Co 

Pittsburgh Plate Glass Co. 
Slabs (Furnace) 

Carborundum Co. 

Norton Co. 
Smelters 

Ferro Enamel Corp. 

Porcelain Enamel & Mfg. Co. 
Soda Ash 

American Potash and Chemical Corp. 

Ceramic Color & Chemical Mfg. Co. 

Denver Fire Clay Co. 

The Hommel Co., O., Inc. 

Pittsburgh Plate Glass Co. 


The Roessler & Hasslacher Chemical Co. 


Solvay Sales Corp. 
The Vitro Mfg. Co 
Sodium Antimonate 
Ceramic Color & Mfg. Co. 
Drakenfeld & Co., F. 
The Hommel Co., 6. Inc. 
Metal & Thermit Corp. 


The Roessler & Hasslacher Chemical Co. 


The Vitro Mfg. Co 

Sodium Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Drakenfeld & Co., B. F 
The Homme! Co., O.. Inc. 
Jungmann & Co., Inc 


The Roessler & Hasslacher Chemica! Co. 


The Vitro Mfg. Co. 
Sodium Silica Fluoride 
Jungmann & Co. 
Soot Blowers 
Simpson Foundry & Eng. Co. 
Special Machines 
Simpson Foundry & Eng. Co, 
Spar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
The Hommel Co., O., Inc 
Paper Makers Importing Co 


The Roessler & Hasslacher Chemical Co. 


Spurs 
Potters Supply Co. 
Stilts 
Potters Supply Co. 
Sulfuric Acid 
Denver Fire Clay Co. 
The Homme! Co,, O., Inc 


Talc 
Ceramic Color & Chemical Mfg. Co. 
Hammill & Gillespie, Inc. 
The Homme! Co., O., Inc. 
Paper Makers Importing Co. 


The Roessler & Hasslacher Chemical Co. 


Tanks (Pickle) 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Corp 

Tanks for Raw Material ‘Steel or ae 
Simpson Foundry & Eng. 

Tile (Floor) 
Norton Co. 

Tile (Muffle) 
Norton Co. 

Tile (Refractory) 
Carborundum Co. (Caroofrax) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Norton Co. 
Pittsburgh Plate Glass Co. 

Tile (Wall) 
Denver Fire Clay Co. 
Ferro Enamel! Corp. 

Tin Oxide 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 


The Roessler & Hasslacher Chemical Co. 


The Vitro Mfg. Co. 
Titanium 
Ceramic Color & oo Mfg. Co. 
Drakenfeld & Co., B. 
The Hommel Co., O., — 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Titanium Oxide 
Ceramic Color & <a Mfg. Co. 
Drakenfeld & Co., B. 
The Hommel Co., O., he 


The Roessler & Hasslacher Chemical Co. 


Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Tubes (Insulating) 
McDanel Refractory Porcelain Co. 
Norton Co 
Tubes (Pyrometer) 
Denver Fire Clay Co. 
McDanel Refractory Porcelain Co 
Norton Co. 
Pittsburgh Plate Glass Co 


Valves (Butterfly and Reversing) 
Simpson Foundry & Eng. Co. 


Water Softening Plants 
Simplex Eng. Co. 
Wet Enamel 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Corp. 
The Hommel Co., O., Inc. 
Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Whiting 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Roessler & Hasslacher Chemical Co. 


Zinc Oxide 
Jungmann & Co., Inc. 
Zirconia 
Ceramic Color & Chemical Mfg. Co. 
The Hommel Co., O., Inc. 
Titanium Alloy Mfg. Co. 


The Roessler & Hasslacher Chemical Co. 


The Vitro Mfg. Co. 


WILLSON BAG RESPIRATORS 
Nos. 300 and 400 (Patent applied for) have 
UNITED STATES BUREAU OF MINES APPROVALS 
A Willson style for every dusty operation in the Ceramic Industry. 
WILLSON PRODUCTS, Inc. 


Reading, Pa. 
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Professional Directory 


THE SHARP-SCHURTZ CO. 


Chemists for the Ceramic Industry 


We have fully equipped laboratories at 
Lancaster, Ohio, U.S. A. 


Emerson P. Poste 
Consulting Chemical Engineer 


Analyses: Ceramic Raw Materials and 
Products, Fuels, Iron and Steel, etc. 
Special Investigations: Physical and 
Chemical Tests on Enamel, etc. 


99 Market St., Box 4051 
Chattanooga, Tenn. 


COMMERCIAL TESTING @ RESEARCH @ ANALYSES 


BAILEY & SHARP CO., INC. 


Chemists, Consulting Engineers, 
Glass Technologists 


Specializing in New and Unusual 
Engineering and Chemical Processes 
and in Original Developments in the 
Ceramic Fteld. 


HAMBURG, N. Y. U. 3. A. 


NON-METALLICS 


and 
Rarer Ores 


Inspection and Evaluation of Properties 
Chemical and Petrographic Analyses 


INSPECTION & RESEARCH LABORATORIES 


J. T. Rooney, B.S. 


Chemical & Mining Engineer Mineralogist & Geologist 


30 Calumet Bldg., Buffalo, N. Y. 


A. E. Alexander, Ph.D. 
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[ Birds of a feather flock together, and ‘’Ceramic’’ Colors 
are always found with good products. 

The manufacturer of good ceramic products repeats his 
orders for ‘Ceramic’ Colors year after year. Consultation 
with our expert ceramists enables him to secure the right 
color for his job. 

Color matching under tests parallel to his own shop con- 
ditions insures the customer complete satisfaction with 

Ceramic” products from the start. 
Duplication in repeat orders makes satisfaction permanent. 
Our repeat orders are the endorsement of our products. 
We invite you;to submit your color problems to our laboratory. 


CERAMIC COLOR & CHEMICAL 
MFG. CO. NEW BRIGHTON, Pennsylvania 


Columbus, Ohio 


American Ceramic Society 
Headquarters 


Reservations are being made now for the 1936 Annual Meeting of the American 
Ceramic Society. 

The Neil House is located in the heart of the city, 655 rooms, all with bath. 
Rates $2.50 and up single, $3.50 and up double, twins $5.00 and up, suites $7.00 
and up. Real hospitality—affording comfort and convenience—three popular 
restaurants, prompt counter and table service. 


TOM A. SABREY 


Vice Pres. and Manager 


A DeWitt Operated Hotel 


ait 


— 
N 
\ 
\ 
TRADE MARE 
- 
| 
| 
| 


14 


Bulletin of the 


MONTGOMERY PORCELAIN PRODUCTS CO. 
Specializing in 
Primary Protection Tubes for all makes of Pyrometers 
“Corundum” ““Mullite” “Silicon Carbide” Refractory Porcelain” 


WANTED TO BUY OUT-OF-PRINT 
Journals of DFC 


The American Ceramic Society Gas Burner 
for Kilns 
1923 Yearbook 1933. February 
High alumina clay 
1934 January Bulletin January Journal throat resists soak- 
February Journal March Bulletin ing heat and holds 


flame at nozzle regardless of length. Simple, 
positive control. Extremely easy to install. 


Ask for Bulletin 305A 


Communicate with the Offices of THE DEN VER FIRE CLAY COMPANY 
DENVER | p rch COLO.U.S.A. 


BRANCHES AT SALT LAKE CITY, EL PASO, AND NEW YORK 


April Bulletin 


THE AMERICAN CERAMIC SOCIETY 
2525 North High Street Columbus, Ohio 


Numerical Documentation 


THE ANNUAL TABLES OF CONSTANTS (A.T.C.) 


AND NUMERICAL DATA 


Chemical, Physical, Biological, and Technological 


collect, classify, and publish, since 1910, everything in Pure and Applied 
Natural Sciences capable of being expressed by a number 


For the period 
1910-1929 ) the A. Ros complete and 


since 
(i025 ) continue the International Critical Tables (1.C.T. ) 
The AT. are absolutely necessary to all scientists. 


They represent 
the only one complete documentation—the most inexpensive—the easiest to consult 
owing to an Index systematically arranged which enables one to locate at once the data required. 
For any information—any specimen—any volume on free examination 


Apply immediately to 


Canada and U.S.A. Other Countries 
The McGraw-Hill Book Company, Inc. M. C. MARIE 
370 Seventh Avenue 9, rue de Bagneux 
New York, N. Y. Paris VI° France 


Volumes published: 1st Series—I to V—1910-1922 (5382 pages) and index (382 pages) 

2nd ““ VI to IX—1923-1929 (7884 pages) and Index to Vol. IX (124 pages) 
Specimens: Reprints of the following sections are sent free of charge: Spectroscopy—Electricity, Magnetism, 
and Electrochemistry—Radioactivity—Crystallography and Mineralogy—Biology—Engineering and Metal- 
lurgy — Colloids —- Wireless — Photography —- Geophysics — Combustible Gaseous Mixtures, Powders, and 
Explosives. 
English versions: Beginning with Volume VII, all explanations to the tables are given both in English and 
French. 
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HARTEORD-EMPIRE COMPANY 
HARTFORD, CONN. 


TRADE MARK REG. U. S. PAT. OFF. 


Made Especially for the Glass Maker 


Specify SOLVAY when you buy Soda Ash_ because 
Solvay is and has been the standard of quality since 
1881. It offers the following advantages: 


1. More than 99.50% Sodium Carbonate (dry basis). 

2. Proper granulation and absolute uniformity in quality. 

3. Your choice of Soda Ash graded for efficient use with 
any of the known commercial glass sands. 

4. The services of a well organized technical staff which is 


available to Solvay customers. 


Make Solvay your source of supply for 
DUSTLESS CALCINED 98-100% POTASSIUM 
CARBONATE 
Hydrated 83-85% Potassium Carbonate 
Ground Caustic Potash 


Engineers and Licensors 


FEEDERS FORMING MACHINES CONVEYORS 
STACKERS LEHRS 


Full information sent on request. 


SOLVAY SALES CORPORATION 


Alkalies and Chemical Products Manufactured 
by The Solvay Process Company 
40 RECTOR ST. NEW YORK 


Ceramic Service? 
Give 


We Sell— 
We Manufacture— Ball Clay 
Pins Sagger Clay : 
: Wad Clay 
Ground Fire Clay 
Thimbles Bitstone 
Spurs Fire Brick 
Imported Paris White 
Domestic Whiting 
Crucibles Pottery Plaster By 
Tile for Decorating Kilns Georgia Kaolin 


THE POTTERS SUPPLY COMPANY 


EAST LIVERPOOL, OHIO 
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McDANEL REFRACTORY PORCELAIN COMPANY 


Manufacturers of 


PORCELAIN TUBES PROTECTION TUBES 
INSULATING TUBING and BEADS 
BEAVER FALLS PENNSYLVANIA 


THREE ELEPHANT 


BORAX 


REG. U.S. PAT. OFF. 


REG. U.S. PAT. OFF. 


AND BORIC ACID 


GUARANTEED OVER 99.5% PURE 
AMERICAN POTASH & CHEMICAL CORPORATION 


70 Pine Street, New York 


EXPAND PLANT FACILITIES ONE-THIRD | 


STOP Without Investing | 
EXCESSIVE a Solitary Cent | 


CHIPPING in New Equipment | 


Now you can | 


Glass House Refractories 


Flux Blocks 
Pots Open & Covered 
Refractory Blocks 
Highlands Pot Clays 
Prepared Mixes 
Special Batches 


boost production | 
more easily and 
quickly—with | 
Hommelaya. 


You can boost 


@ WE MAKE 


AM @ 


quality, too. Sci- | 
P. B. Sillimanite 


entific tests show 
Hommelaya fin- | 


ishes are much | Standard Sizes and Shapes to 
more resistant to Order ' 
crazing and chip- | 

ping. 


Let us give you = WE USE OUR OWN 


U. S. Pat. No. 1,779,273; 1,805,143, full information. | 
1,819,816; 1,962,617. Others Pend. 


THE O. HOMMEL COMPANY || P| TTS BRURGH 


209 FOURTH AVENUE, PITTSBURGH, PA. 


China Colon Oxides | PLATE GLAS COM PANY 


GRANT BUILDING, PITTSBURGH, PA. 
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“Customers say we simplify 
their manufacturing problems” 


9 
"Thats because we always 
meet their specifications ” 


For profit’s sake, use the feldspar that gives low manu- 
facturing costs, minimum waste, uniform results and 
quality products. Use “Chemi-Trold” Feldspar—the spar 
that mixes properly with other ceramic ingredients 
because it always meets the specific requirements of the 


individual consumer. 


Uniformity of “Chemi-Trold” Feldspar is assured by our 


* method of production. Each grade is prepared under a 
patented process of strict chemical control (U. S. Patent 

Granular Glasspar 1.855.115) and furnished in accordance with the Com- 
* Minpro “Chemi-Trold” mercial Standards C. S. 23-30, issued by the Bureau of 
Semi-Granular Glasspar Standards. Each shipment contains a Guarantee Certifi- 

* Minpro and Oxford ‘“‘Chemi- alitv and s 

Trold” Ordinary 20-mesh cate—the buyer’s assurance of quality and specificati 
Glasspar 


Chemi Trold Feldspars are available for all cera nic 
Trold” Pottery and Enamel purposes. For samples and prices, write to the office 


Feldspar 
nearest you or direct to New York. 

* Minpro **Chemi-Trold”’ 
Glaze Spar 


* Carolina Stone—A substitute 
for Cornwall Stone 


* Olivine—A natural refractory 
mineral rich in Magnesium 


E. I. DU PONT DE NEMOURS & CO. 
The R. & H. Chemicals Department 
Empire State Building, New York, N. Y. 


_ District Sales Offices: Baltimore, Boston, Charlotte, Chicago, Cleve- ss Sole Selling Agent for 
land, Kansas City, Newark, Philadelphia, Pittsburgh, San Francisco Oy UNITED FELDSPAR CORP. 
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HESISTS ABHAS/ON 
ONIFOAMLY 


all 


Wirt some castings in abrasive service, when you 
lose the surface you lose all. That’s not the case with 
Bethlehem 88-80 Castings. They wear slowly, and with 
uniform resistance to abrasion, all the way through. 

Every 88-80 Casting is heat-treated, so that the inte- 
rior is just as hard as the surface. Noextra-hard corners 
to chip, no soft spots where pockets are likely to de- 
velop. These castings are ready for punishment when in- 
stalled, requiring noimpact toharden them satisfactorily. 

Asa result, they wear! 

Bethlehem 88-80is an alloy steel developed just to resist 
abrasion. Parts subject to abrasive wear have much longer 
life in service when made of 88-80. Castings of 88-80 can be 
given any desired hardness up to 500 Brinell. Their suitability 
in specific industries and their long life are due partly to this 
factor. They can be made to any desired shape and size. A \ 
careful study is made of the conditions under which the part \~ 
will be used, including the nature of the material to be ground, 
before the casting is made. 

In muller tires... bottom plates... crusher rolls... and roll 
shells. ..in plants processing she most highly-abrasive materials... 
88-80 Castings are giving long, economical service. They ve stood the 
test of wear, not only against clay and shale, but against silica glass 
sand, sillimanite, aluminum oxide, feldspar and other abrasive minerals. 

The next time you have to replace parts subject to abrasive wear, try 
castings of 88-80. In many a plant an important item of maintenance is 
being substantially reduced through their use. 

Write for folder describing 88-80 Castings in detail. 

Other Bethlehem Products for the Brick Industry: Bethlehem Abrasive-Resisting Plates —Experience he? 
has indicated that these steel plates have from three to five times the life of ordinary plates in chutes, hoppers, dump-car “ae 
bottoms and similar applications in the handling of abrasive materials. ™ 
Bethlehem Tool Steel—Dry press and repress liners made of Bethlehem Tool Steel have exceptionally long life. 
Beth-Cu-Loy Sheets—For long-lasting roofing and siding, use galvanized sheets of low-cost, rust-defying Beth-Cu-Loy (copper- 


bearing steel). Use Beth-Cu-Loy Black Sheets for pallets. 
Also—Bethlehem Light Rails, Steel Ties and Track Equipment; Steel Bars and Kiln Bands; Boiler Tubes. 


Bethlehem District Offices: Atlanta, Baltimore, Boston, Bridgeport, Buffalo, Chicago, Cincinnati, Cleveland, Dallas, Detroit, Houston, 
Indianapolis, Kansas City, Milwaukee, New York, Philadelphia, Pittsburgh, San Antonio, St. Louis, St. Paul, Washington, Wilkes-Barre, York. 
Pacific Coast Distributor: Pacific Coast Steel Corporation, San Francisco, Seattle, Los Angeles, Portland, Salt Lake City, Honolulu. Export Distributor: 
Bethlehem Steel Export Corporation, New York. 
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H. C. SPINKS CLAY COMPANY 
Miners and Shippers of 
BALL, SAGGAR AND WAD CLAY 
NEWPORT, KENTUCKY 


Oct. 1, 1935 


Mr. Pete Potter 
Comfortable Sanitary Pottery Mtg. Co. 
Pottsville. Ohio 


Well, Pete: 


Too bad about the Cardinals, but the Dean boys got careless early in 
the season and got behind and couldn’t make it up at the finish. 

You watch out for that in your potting business, Pete! Demand the 
best raw materials! You can get the clay from the H. C. SPINKS 
CLAY COMPANY. Weare continually careful. Had the experience 


too. Beenin the business for 20 years. Long enough to learn the game. 


Not going to say anything about Joe Louis —too bad —but Max 
should never have gone in that ring without a club. Louis must be as 
tough as our CHAMPION and CHALLENGER BALL CLAY. 


Be seeing you soon, 


Vg 3 


Sodium Antimonate 


For years M & T Sodium Antimonate 
has set the standard. The finest opaci- 
fier that modern methods can produce, 
it is always uniform, always pure. 
Every barrel of M & T Sodium Anti- 
monate is exactly the same, both chemi- 
cally and physically as every other 


barrel. 


And, this quality opacifier is more eco- 
nomical. Rejects, due to off colors, 
become rarities. Whites, whether blue 
white, cream white or some other hue, 
do not vary a shade from one year’s end 
to the next where M & T Sodium Anti- 


monate is used. 


Our Ceramic Department will gladly 
help in solving your enameling prob- 


lems. Homer F. Staley is manager; 


R. R. Danielson, director of research. 
Metal & Thermit Corporation, 120 
Broadway, New York, N. Y. 
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